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POWER TO STOP 
GIVES FREEDOM TO SPEED 


Photo by courtesy of METROPOLITAN-CAMMELL CARRIAGE & WAGON CO. LTD. 


The new Diesel - Electric Pullman 

Trains built by Metropolitan-Cammell 

Carriage & Wagon Co. Ltd., for the 

Pullman Car Co. Ltd., are fitted 
with the 
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TWO-STAGE ELECTRO-PNEUMATIC 
HIGH-SPEED BRAKE 


the modern brake system which 
automatically provides increased 
braking pressures at high speeds. 


WESTINGHOUSE BRAKE AND SIGNAL CO. LTD., 82, YORK WAY, KING’S CROSS, LONDON, N. 1. 
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in service in East Africa. 


This is an 1100 hp Diesel-electric locomotive, built with the co-operation of Lister 


Blackstone, specially designed to give outstanding service where the going is hard. It 
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is particularly suitable for overseas railways operating in difficult terrain. 


All enquiries should be addressed to the local AE! office or direct to— 


Associated Electrical Industries Export Ltd. 
33, GROSVENOR PLACE, LONDON S.W.I., ENGLAND 
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With its complete line of diesel-electric 
locomotives ranging from 600 to 2000 HP, 
built under licence from Baldwin-Lima 
Hamilton Corporation, specially engineered 
for passenger and freight service, COCKE 
RILL-OUGREE has within its wide programme 
the precise unit which will perform econo 
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nominal power : reduction of operation costs. SEBAR 451 flash butt welder 
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For complementary information, please contact 


ELECTROMECANIQUE 


oe Anonyme 19, rue Lambert Crickx - Bruxelles 7 ~ phone : 21.00.68 


2 t,o 


asa = ores 
2 — 2 — aa — 2 — 
— Ses SON) EE seme 


SO a 

seam, jEaanE 

aa —— 2 —_ ae nt. —— 2. aa 

saeawm, 

nt —— 2 — ae 2 —. 2 —— ae 

— a __. ey 

Re aE 

ae —— 2 5 —— aa e— 2 — ae —— 2 ——. ae 

% — ——_ — ___ ____ 

pie = S0or8 

ra a2 > oon semen 

— a — 2 —— ae Wk .—2 i —. ae 

Peo cuten 

-~ SaaS ———— es 

—) Pie = ome 12 © offfjo; 12 © offic! \@ 2 offfos 12. ofTlo, 

somone, fERGEr cEmeGinct, 

eee oo — 2 5 — 0 — 


a —z i —— 


fan 2.5.71) 2 8) Pouce [ ‘((EiSoimern ene. 


oe —— 2 _ 5. eee —— 

Sees "4 ne es ‘4 td 
oa: oem 
a -—— 2 — a ee ee — 7 —— | bY a —__"d a “te? 


Se 


a fd 


HYMEK > 


DIESEL-HYDRAULIC LOCOMOTIVES 
ARE NOW ON ORDER FORTHE BRITISH TRANSPORT COMMISSION 


The order previously placed 

for 45 having been increased by a further 50. 
These HYMEK main-line locomotives, of 

British Railways Type 3, have ALL the advantages 
of diesel traction PLUS the special attributes of 
HYMEK diesel-hydraulic locomotives. 


HYMEK Tomorrow’s LOCOMOTIVES TODAY 
BEYER PEACOCK (HYMEK) LTD. 


BEYER PEACOCK © BRISTOL SIDDELEY ENGINES * STONE-PLATT INDUSTRIES 
LOCOMOTIVE HOUSE, BUCKINGHAM GATE, LONDON, S.W.1 
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The new Maliza 


Light ballast tamper 


SUBSTANTIAL SAVING IN MANPOWER a, 


2 men - Track lifting jobs with 5 men only. <S 
Quick recovery of capital outlay. 


WORK OF PERFECT QUALITY 
Matisa ’ tamping by compaction and vibration 
of the ballast. 

Control of the pressure exerted for the squeeze 


and for the penetration of the tamping tools into 
the ballast. 


HIGH RATE OF OUTPUT 


70 to 100 yards per hour. 


LESS FATIGUING WORK FOR LENGTHMEN 


The quality of the work is not a function of the 
efforts of the lengthmen. 


TRACK MAINTENANCE SPECIALISTS ALL OVER THE WORLD 


MATISA EQUIPEMENT LIMITED 


HANWORTH - LANE CHERTSEY - SURREY 
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Fifteen of these 1,850 h.p. diesel-electric 


locomotives have been supplied to the Sudan Railways. Weighing 


99 tons in working order these units, operating in high ambient 


temperatures and dust-laden atmosphere, are required to haul N 


1,500 ton freight trains to accelerated schedules. \N 
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DIESEL ELECTRIC PULLMAN TRAINS 


Designed and built by * Integral Tubular 


Construction 
* Metro-Schlieren Bogies 


* Quiet riding 


WCAMM FLL x Adjustable Reclining 
<FY 


Seats 


Air-Conditioning 
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Special Gangways. 
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Disc brakes for railway vehicles and their linings, 


by Dr.-Eng. F. SaurHorr and Dipl.-Eng. E. Scummr, Minden (Westphalia). 


(Glasers Annalen, Nos. 4 and 5, April and May 1959.) 


1. Brief review of the evolution of the 
brake using composition linings for 
railway vehicles. 


Alongside the brake with brake blocks 


acting on the wheels through cast iron 
brake blocks — the brake which may be 
considered as the classic type — the type 


of brake with composition linings has been 
applied more and more frequently on rail- 
cars since 1934. It has been used thereon 
in the form of drum brakes with exterior 
shoes and as disc brakes whilst the drum 
brake with inside shoes, the usual type 
on road vehicles, has never been adopted. 

The first railway vehicle fitted with a 
drum brake with external shoes was the 
famous fast railcar the « Fliegender Ham- 
burger » (1932). Even though the brake 
linings at that time left much to be desired, 
the experience acquired with this brake led 
to the adoption of the drum brake for the 
following series of fast railcars. Unfortuna- 
tely, these gave less satisfactory results at 
first in ordinary running service. ‘This 
was due on the one hand to the increased 
weight and as a result thereof to the in- 
creased power to be absorbed by the drums, 
and on the other to the fortuitous con- 
junction of unfavourable circumstances in 
the brake gears as a whole which whilst 
not concerning directly the drum_ brake, 
influenced its action. The newly designed 


details used in the compressed air parts, 
included in the transmission of the brak- 
ing force and in the hand brake often 
caused trouble and irregularities in the 
brake gear installation with the result that 
the braking power might not be divided 
equally over all the brake drums, or that 
whilst running a brake band unwittingly 
might not be fully released and be rubbing 
lightly. This gave rise to smoking and 
smell with heavy wear of linings and even 
in serious Cases to cracking and other dam- 
age to the drums as well as the destruction 
of the linings. ‘The railcars of the Ham- 
burg type when used on the north-south 
services also gave rise to particular diffi- 
culties through the high temperature set 
up when running over the gradients dur- 
ing the crossing of the ‘Thuringer Wald, 
which made it necessary at the beginning 
to provide fur short service stops at the 
end of the down gradients for testing the 
brakes. 
Similar phenomena were experienced 
with the two or four axled railcars with 
drum brakes. In this case, the damage to 
the drums and linings was due less to the 
high speed and the weight but rather to 
an unsuitable construction of the drum, 
an insufficient number of brake drums 
and to linings of insufficiently good qua- 
lity. Fitting drum brakes (of very light 
design) on a considerable number of 


160 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


express coaches ended in a characteristic set- 
back because the quantities of heat pro- 
duced in common user service could not 
be dissipated. Consequently, the vehicles 
had to be altered to brake blocks. On the 
other railcars and express railcars, the im- 
provement resulting from a detailed inves- 
tigation into the design of the brake 
drums [2]° ),) the perfecting of the lin- 
ings [8] and the elimination of the other 
defects in the brake equipment, the train- 
ing of the staff and their habituation in 
its use, resulted progressively in procuring 
satisfactory working. 

About the same time as the drum brake 
without outside bands was made. satisfac- 
tory, the work on the disc brake was taken 
in hand. Although its marked superiority 
over the drum brake as regards heat dissi- 
pation was made clear very quickly, it had 
been little used in the construction of new 
vehicles. 

In the beginning, the best known vehicles 
were the Henschel-Wegmann (1935) and 
the Diesel hydraulic panoramic railcar 
(1935). The superiority of the disc brake 
— but also it is true the progress made 
in the technique of the linings — showed 
itself in a particularly clear way during a 
trial run with a high speed railcar of the 
Hamburg type equipped with new bogies 
with disc brakes on the west down grade 
of the Arlberg in 1939. ‘The reduction in 
speed on the 25 km long gradient with an 
average declivity of 26.4 °/o was controlled 
without any difficulty, whereas with the 
drum brake the northern slope of the 
Thuringer-Wald with a_ total length of 
12 km, an average gradient of 20 °/o with 
a 6 km of 25 °/o was thé limit the brake 
gear could give. At the cost of heavy wear 
of the linings naturally, the Arlberg bank 
was run down in safety with the disc brake 
on one only of the three bogies. 

‘The conclusions resulting from these tests 
and the results of other trials with disc 
brakes could not be made use of imme- 
diately because of the war. It was only 


(*) These numbers refer to the bibliography 
at the end of the article. 
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very much later when the series construc- 
tion of railcars could be resumed that 
drum brakes were given up and disc brakes 
alone were used. There are now in ser- 
vice 1565 two axled vehicles and 279 four 
axled vehicles fitted with disc brakes or 
in all 4246 pairs of wheels (motor vehicles, 
trailer vehicles with driving compartment, 
middle vehicles, ordinary trailers). Further 
vehicles with disc brakes are being designed 
and include a Diesel locomotive. Except 
for the Wegmann train, there are no pas- 
senger coaches equipped with disc brakes, 
although it is expected a certain number 
of suburban vehicles will be fitted. 


Earlier, we called attention to the defects 
in the old brake linings and the perfecting 
of improved types. It can be stated with- 
out exaggeration that as the properties of 
the linings control the possibility of using 
brakes with artificial linings, the high effi- 
ciencies today obtained as well as the good 
results in service, must be attributed essen- 
ually to the very great progress made in 
the linings materials. Later, we will give 
some details of the evolution, the condi- 
tions to be fulfilled, the properties as well 
as the methods of selection and test. 


Beforehand, however, we should stop to 
consider several questions of principle of 
importance when comparing the brake 
block type of brake and the disc brake, and 
also in relation to the stresses set up. 


2. General properties of the types 
of brakes on railway vehicles. 


2.1. Brake block type of brake. 


The brake using brake blocks is very ro- 
bust. The cast iron blocks are relatively 
cheap and can be obtained everywhere. 
The blocks in two parts are even  stan- 
dardised internationally so that they can 
be replaced readily even abroad. “They 
stand up to the rough usage on railways 
and are not affected by atmospheric con- 
ditions. A brake block made red hot dur- 
ing braking can be used again when cooled 
down if not excessively worn. 


To counter these good features, how- 
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ever, the coefficient of friction of cast iron 
blocks is far from ideal in its application. 
One especially unfavourable feature is that 
it varies as a function of the speed of run- 
ning [5], which in the usual application 
on passenger and goods trains limits the 
maximum usable braking force to a value 
such that there is no reason to fear the 
wheels being skidded at slow speeds [I]. 
At high speeds, the coefficient of friction, 


V120 km/h 


Bremsklotzkraft 


\ “ 
Bremsverzogerung 
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Sure regulator, pressure transformer, and 
charging valves of the regime in use — 
involves complication of the layout as a 
whole, because owing to the relation be- 
tween the coefficient of friction and the 
specific pressure of the block, the braking 
force has to be increased at high speeds in 
proportions greater than the acceleration 
by itself would require (about as 1 : 2 to 
te 2.6): 


VO 


0 10 20 
V- 55 km/h 


Bremskottkraft 


Bremsverzogerung 


a 10 


50 —> fremsueit 41s 


20 ——> bremswit Us 


Fig. la and b. — Variation in the effort at the brake block and in the 
deceleration with a brake using blocks as a function of the braking 
time during rapid braking from 120 km/h. 


a) One stage brake in position P. 


Effort at the block : 70-80 % of the axle load; 


b) Powerful two stage brake in position R. 
Effort at the block: above 55 km/h, 


160-180 %; below 55 km/h, 70-80 %. 


N. B. — Bremsyerzégerung — deceleration. — Bremsklotzkraft = effort at the block. 
— Bremszeit = braking time. 


then definitely lower, produces a_ braking 
of mediocre value only utilising imperfectly 
the available adhesion between the rail 
and the wheel (fig. 1 a). 

Nevertheless, in order to obtain satisfac- 
tory braking with cast iron blocks at high 
speed on express trains of types S or R 
higher brake block pressures are used at 
the high speeds, which at lower speeds 
(below 50 km/h) are reduced to a value 
corresponding to this range of speeds by 
means of an automatic regulator (fig. 1 0). 
The equipment needed [7] — brake pres- 


The coefficient of friction is not only 
a function, as we have just indicated, of 
the speed and of the specific surface pres- 
sure of the brake block, but also of the 
form of the blocks, of their hardness, and 
of the temperature. They do, however, 
present a degree of stable conditions seeing 
that under equal conditions, they behave 
almost exactly in the same way and largely 
independently of the material within the 
tolerances of composition and hardness laid 
down in the purchasing department specifi- 
cations. 
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A serious drawback, however, is the 
wear [2] on the one hand which requires, 
owing to its extent, frequent renewals 
under high efforts and on the other, be- 
cause of the quantity and nature of the 
dust produced which seriously soils the 
line, the installations and the vehicles, and 
reduces the electrical resistance of their 
insulation. Furthermore, the noise and vi- 
bration during braking are additional de- 
fects of the brake using brake blocks. 


Although earlier on we described the 
brake block type of brake as being « ro- 
bust », certain reserves as regards this attri- 
bute must be made relatively to the tyres. 
These are already highly stressed by the 
axle loads, the shrinkage allowance and 
the lamination effect of rolling on the rails. 
During braking, they have to withstand 
in addition conjointly with the blocks the 
work produced which can be very con- 
siderable [3]. The supplementary stres- 
sing results from the heat engendered dur- 
ing braking which can cause very high tem- 
perature peaks on the surface of the tyres 
and also raise the mean temperature of the 
latter. 


The rise in mean tyre temperature 
involves — owing to the flow of heat 
producing between the tyre and the rim, 
a range of temperature increased by 
an accummulation of heat at the joint 
separating them — a reduction in the 
shrinkage allowances and deterioration in 
the fitting of the tyre. 

At normal brake stops, even if these fol- 
low one another at frequent intervals, the 
mean tyre temperatures do not rise high 
enough to affect the shrinkage. This pos- 
sibility is greater when descending long 
gradients; the working instructions to which 
we will return in § 3.2 should take care to 
ensure that certain limits are not exceeded. 
Moreover a loose tyre does not generally 
mean any danger, as it is held in position 
by a lip and Gibson ring, and also is not 
subject to stresses of high enough value 
to overcome the retaining forces and_ to 
cause the tyre to turn round. Usually as 
the temperature falls, the tyre becomes 
secure again. 
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The mean tyre temperatures in service 
are below the critical temperatures of the 
tyre steel so there is mo reason to fear 
changes of texture. 


It is quite a different matter as regards 
the surface temperature of the tyre. It 
has not been possible yet to measure pre- 
cisely these temperatures, but the fact that 
when braking at high speeds there are 
dense showers of sparks between bright red 
and bright yellow, leads to the conclu- 
sion that at the surface of contact between 
block and tyre the temperatures reach 850 
to 1100°C. Now these temperatures are 
above the high points of transformation 
of the steel and modifications of grain 
texture are possible even though the dura- 
tion of these temperatures is very short 
and only affect a very small part of the 
tyre surface. This situation is particularly 
dangerous as regards high tensile tyres, 
used for locomotive and railcar tyres, in 
which the stresses from high pressure and 
prolonged braking result in the formation 
of martensite and intercrystalline fissures 
extending to the surfaces which can be 
the beginning of fatigue fractures. It is 
therefore important to take very good care 
in selecting the quality of steel for tyres 
of heavy, high speed vehicles, and also to 
check these tyres in service for cracks. The 
high temperatures can also result in the 
metal of the brake blocks being welded to 
the tyres and this spoils the quality of 
the rolling surface. 

During the development of the railcars 
for the fast services in the Ruhr (ET 30), 
fitted with brake blocks and the working 
of which involves very high braking forces, 
the above experiences led to the fitting of 
a two pressure brake with high deceleration 
on the light carrying bogies only, whilst the 
heavy motor bogies were braked with a 
single stage P brake. 


2.2. Brake with composition linings. 


The linings of drum and disc brakes 
are, Owing to their internal structure, com- 
plicated products owing a great deal to 
the technique of plastics. Their properties 
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depend not only upon their composition; 
the method of fabrication also exerts a 
considerable influence; both must be laid 
down and carefully respected during manu- 
facture. 


High quality linings — the only ones 
which will satisfy the particularly heavy 
exigencies of railway vehicles — must have 
a coefficient of friction largely independent 
of the speed, of the specific pressure, of 
the temperature and of atmospheric con- 
ditions. Such properties can also be ob- 
tained by means of suitable mixtures and 
fabrication methods (see chapter 4). How- 
ever, temperatures of more than 400°C 
cannot be supported for an extended pe- 
riod, even in the case of the best products, 
because carbonisation of the bonding ma- 
terials. The linings will continue to brake 
effectively at high temperatures — _ pos- 
sibly even with an increased coefficient of 
friction — but will then wear very quickly, 
their properties becoming considerably mo- 
dified, and they can no longer be used 
after cooling down. 


With normal stresses, the wear of the 
brake linings is very slight. For equal 
volume and performance, it is only 1/8th 
to 1/12th of that of cast iron blocks, but 
as the volume that is affected by wear is 
appreciably less than in the case of brake 
blocks (for a disc brake about 20 to 40 % 
according to the equipment of the vehicle), 
this advantage is generally not fully made 
use of. In comparable cases, the life of 
disc brake linings up to the time they have 
to be replaced, compared with that of brake 
blocks is in the ratio of approximately 
1: 3 to 1: 6. Quite apart from the defi- 
nitely lower amounts of the products of 
wear, it must also be considered that the 
very fine dust formed essentially by car- 
bonised lining material has less harmful 
effects than the abrasion of the blocks of 
metal brakes. 


The very uniform value of the coeffi- 
cient of friction over the whole range of 
speeds is very well adapted to the analogous 
behaviour of the coefficient of friction be- 
tween wheel and rail which can thus be 
profited from to more or less the same 
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extent at all speeds (fig. 2). Consequently, 
brakes with composition linings assure good 
braking at high speeds; the regulation of 
the braking effort as a function of the 
speed is no longer necessary as it is with 
the high speed brake with blocks. The 
higher coefficient of friction than with 
block brakes moreover makes it possible to 
use lower efforts and consequently to have 
smaller brake cylinders and lighter rigging. 

The brake with composition lining, even 
with a constant pressure in the cylinder, 
gives uniform deceleration as well as very 
« smooth » braking, and is in addition 
very quiet. These properties often give 
the impression that the brake is not suffi- 
ciently effective. It is often objected in 
particular that the absence of any increase 
in the coefficient of friction immediately 
prior to stopping, to which the block 
brake has accustomed us, makes it more 
difficult to brake to a stop accurately. In 
this respect, it can be pointed out in reply 
that the driver must become accustomed 
to the particular characteristics of his ve- 
hicle both during running and during 
braking, and if it is fitted with a brake 
with composition lining, he must use a 
somewhat different braking technique to 
that he used with vehicles fitted with block 
brakes. Obviously, this may cause the dri- 
vers a certain amount of trouble, especially 
when there are only a few vehicles out of 
a large stock fitted with brakes with com- 
position linings, so that the men_ only 
rarely have to drive them. For example 
42 engine crews at the present time share 
in the driving of the Wegmann train on 
the « Blauer Fnzian » (Blue Gentian) ser- 
vice on the Hamburg-Munich run, and 
each of them only drive this train which is 
the only train with disc brakes at the pre- 
sent time and hauled by a locomotive with 
block brakes once every 24 days. Previously, 
when steam locomotives were used, the num- 
ber of engine crews concerned was as many 
as 84. Consequently, on various occasions 
to begin with, there were certain incidents 
in connection with the braking, due to 
mistakes of manoeuvre, but they were not 
capital ones and were due to the special 
way it had to be used. Other Administra- 
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tions have also found that trial vehicles 
fitted with brakes with composition lin- 
ings used by themselves when there was 
a large stock of vehicles, without taking 
any special steps or giving any special 
instructions for their use, did not give the 
expected advantages. But when the num- 
ber of vehicles with brakes with composi- 
tion linings increased, the position became 
more favourable and in general the diffi- 
culties disappeared as the staff became more 
familiar with this new type of brake. Stops 
can be made just as accurately as with 
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service so as not to damage the linings of 
the brake discs, makes it necessary to take 
special precautions as regards the dimen- 
sions of the whole installations, and in par- 
ticular in designing the discs. (This remark 
applies even more to drum brakes on 
account of their poor thermic behaviour, 
but as they are no longer being used on 
new stock, we will not dwell on this point.) 
Brake discs must be dimensioned as a func- 
tion of the performance expected of them, 
but here they have the advantage that, 
unlike tyres, they only have to withstand 
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Fig. 2. 


— Variation of the braking effort and deceleration 


with a disc brake as a function of the braking time during 


rapid braking from 120 km/h. 


Effort related to the peri- 


phery of the wheel: 30 to 35 % of the axle load. 


block brakes, even the putting into position 
of units occupied by passengers for cou- 
pling up the Scharfenberg couplings, which 
is frequently necessary in the case of fast 
railcar and small railcar services can be 
done without any shock. It must not be 
forgotten that these brakings to a_ sto 
are service brakings for which the whole 
of the braking effort is not applied, but 
on the contrary the deceleration is regulat- 
ed as required by means of the pressure 
in the brake cylinder; moreover, even with 
block brakes care must be taken not to stop 
with a sudden shock, which must be avoid- 
ed by releasing the brake at the right 
moment. Consequently, the possibility of 
regulating the pressure in the brake cylin- 
der is more important as regards accurate 
braking than the variation of the coeffi- 
cient of friction at low speeds. 

The need to avoid prolonged temper- 
atures above approximately 400°C during 


the work of braking, and apart from the 
limitations imposed by the space available, 
their design can be based entirely by this 
work. 

Brake discs must have on the one hand a 
certain accumulation capacity in order to 
absorb the peak temperatures, but on the 
other hand they must also have good 
cooling properties. Their design has 
already been dealt with in numerous arti- 
cles {2], [4] and we will not dwell thereon 
but merely report that until recently discs 
were always made of cast steel, but recently 
interest has been shown in cast iron discs 
once more owing to the greater resistance 
of cast iron to heat and the more favourable 
coefficient of friction. In simple cases 
(small units), discs have also been made 
from simple steel plate. The braking po- 
wers that can be absorbed by the different 
types, in prolonged service, before critical 
temperatures are reached for the brake lin- 


Marcu 1961 


ings, can be ascertained from trials; they 
can be calculated by means of the « coef- 
ficient of cooling » [1], [2], [4]. 

Brake discs at first sight appear to in- 
volve an increase in the axle weight. But 
this is compensated, compared with block 
brakes, by the reduced weight of the brake 
levers and linings, as well as that of all 
the rigging, especially compared with the 
double block arrangement which is essen- 
tial to obtain high braking powers. Often 
disc brakes thus make it possible to simplify 
and facilitate the design of vehicles or 
bogies [2]. ; 

The simplicity of the arrangement of 
the brake rigging in the case of disc brakes 
makes it possible to house it on the bogie. 
The arrangement adopted to begin with, 
with which each brake application lever 
was applied by a double cylinder [1] was 
given up in more recent designs, seeing that 
the numerous cylinders required had a 
tendency to lead to leakages. Usually at 
the present time there is one brake cylinder 
per axle [2]. 

In the first designs of disc brakes (Weg- 
mann train, panoramic railcar), two pairs 
of application levers per disc were used to 
limit the specific pressure on the linings. 
This measure was found to be unnecessary 
because the linings can be stressed without 
inconvenience up to specific pressures of 
6 kg/cm*. For some time therefore a single 
pair of application levers per disc has been 
used, which has the advantage of improv- 
ing the cooling of the disc owing to the 
increase in the area of the surface that is 
not covered. 


The play between the lining and the disc 
not being modified by the deflection of 
the springs, it is possible, with disc brakes, 
to use very small amounts of play, of. 1 to 
2mm. In this way, it is possible to have 
short piston strokes and the minimum con- 
sumption of air. This reduced play is also 
desirable because it prevents the penetra- 
tion of foreign matters between the disc 
and the linings, especially snow and ice. 
To make it possible to observe such small 
play, automatic devices are used to regulate 
the linings, or recently, automatic devices 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 165 


for regulating the rigging incorporated in 
the brake cylinder have been used [2]. 


3. Special properties of the disc brake. 


The question which arises at the present 
time is to decide what conclusions can be 
drawn from the differences between the 
properties of the block brake and the brake 
with composition linings, if the latter can 
be fitted into the normal braking services 
or whether it requires special treatment. 
It is necessary to take into account the fact 
that the design of ordinary vehicles, the 
type of compressed air brake, as well as 
the braking operations as a whole, together 
with the regulations governing this, have 
been elaborated entirely as a function of 
the characteristics of the block brake. 


3.1. Action and stopping distances 
with disc brakes. 


The particular characteristic of the coef- 
ficient of friction of the brake lining pre- 
destines the disc brake for use above all 
on fast vehicles; at high speeds it allows 
of shorter stopping distances than a block 
brake having analogous variation of the 
brake cylinder pressure, i.e. a brake of 
type P. 

In figure 3, a comparison has been made 
of stopping distances on the level for dif- 
ferent rakes and motor coaches, empty, fit- 
ted with block brakes and disc brakes. It 
must however be stressed that rakes of 
60 axles, the braking of which is influenced 
by the time of propagation and other pneu- 
matic phenomena, are at somewhat of a 
disadvantage in comparison with shorter 
rail motor coach rakes, and on the other 
hand, we should not confine ourselves to 
distinguishing in these comparisons _ be- 
tween the different kinds of brake material 
— cast iron or composition lining — but 
also take into account the design of the 
brake as a whole: deceleration, time taken 
to refill the brake cylinder, arrangement of 
the rigging, form of shoe, etc. These latter 
influences can, under certain conditions, 
appreciably modify the properties of the 
materials. For example, the stopping dist- 
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Fig. 3. — Stopping distances with rapid braking 
on level lines. 


Vehicles fitted with block brakes : 
(1) 60 axle passenger train, old coaches with Kp brakes and single 
brake blocks, type P brake. 
(2) 60 axle passenger train, modern coaches with KE brakes and 
double brake blocks, type P brake. 
(3) Id. type R brake. 


Vehicles fitted with disc brakes : 


(4) 12 axle Diesel rail motor coach Takey <5 en ee ee rite 
(S) 8 axle A.C, rail motor coach Tokes saben was eg e det Geos 
(6) 28 axle Diesel rail motor coach rake. kw ews « os o BERE 
(7) Idem with electro-magnetic brake acting on rails. 

N. B. — Bremsweg bei Schnellbremsungen = stopping distance 


with rapid braking, — Fahrgeschwindigkeit — running speed. 
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ances of trains fitted with P block brakes 
differ considerably according to whether 
it is a question of coaches fitted with old 
types of brakes with single blocks, or 
coaches equipped with modern brakes with 
double blocks (curves 1 and 2). Curve 2 
more or less coincides with the values for 
motor units and rail motor coach rakes of 
current design, such as for example the 
A.C. rail motor coaches ET 13, ET 26 and 


2 


m/s 
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brakes. But under particularly favourable 
conditions, braking may be even better, as 
is shown by curve 6 for the TEE7 unit 
rake, whose stopping distances are slightly 
shorter than those of the passenger train 
fitted with the high power KE-GPR block 
brake with regulation of the pressure in the 
brake cylinder in two stages (curve De 

To obtain a still better brake action 
in the case of fast braking, an  electro- 


— berzogerwig 


Fig. 4. — Variation 
with 


a) Powerful block brake, only; 


LEI 


in deceleration during rapid braking 
the application of electromagnetic brakes on rails, 
block brakes and disc brakes. 


b) Id. with electromagnetic brake acting on rails; 


c) Disc brake, only; 


d)Id. with electromagnetic brake acting on rails. 


N. B. — Zeit = time. — Verzdgerung = deceleration. 


ET 30. Curve 3 shows the braking action 
that it is possible to obtain with a high 
power block brake by regulating the effort 
at the blocks as a function of the speed. 

The stopping distances for vehicles fit- 
ted with disc brakes of the usual design 
lie in general within the space between 
curves 4 and 5. Curve 4 relates to the 
VT 08 Diesel rake but also applies to other 
similar railcars; VI 12, ET 30, articulated 
rail motor coach rakes, etc. Curve 5 gives 
the stopping distances for an ET 25 rake 
after replacing the drum brakes by disc 


magnetic brake acting on the rails can be 
added to the brakes acting on the wheels. 


This has, it is true, a variation of the 
coefficient of friction similar to that of 
a block brake with an increase in the 


deceleration at the end of the braking. 
But seeing that the coefficient of friction 
of the brake linings remains constant, the 
electro-magnetic brake is much less unplea- 
sant in conjunction with disc brakes than 
in conjunction with block brakes (fig. 4). 
If it is desired to obtain the same stopping 
distances as with brakes acting on the wheels 
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at 120 km/h, the initial speed, when an 
electro magnetic brake acting on the rails 
is added, can be increased by 15 to 40 km/h 
according to the total magnetic force of 
attraction installed (30 to 80 % of the 
weight of the vehicle). On the TEE rake, 
for example, the addition of a magnetic 
force of attraction of 46 % of the weight 
of the rake gives in the case of rapid brak- 
ing at 144 km/h, the same stopping distance 
as with the disc brake by itself at 120 km/h 
(gins, curve 7). 

Although in the range of low speeds, 
the stopping distances of vehicles equipped 
with disc brakes are often longer than 
those of vehicles fitted with block brakes 
with fast braking, the former are also used 
with good results on vehicles with low 
maximum speeds. This is the case, in 
particular, in circumstances where special 
importance is attached to other properties 
of the brake with composition lining men- 
tioned above: smooth and noiseless brak- 
ing, reduced wear, suppression of metal- 
lic dust, and simplicity of design. 

The slightly lower braking action at low 
speeds can be made good easily enough 
in the case of ordinary braking in service, 
where in any case only part of the available 
braking power is used, by the use of 
an appropriate service technique. — For 
example, mention may be made of what 
occurs on the Hamburg urban railway 
where 44 half-rakes fitted with block brakes 
and 28 half-rakes fitted with disc brakes 
run in no matter what order and are 
coupled together. In the case of fast 
braking of empty rakes on lines on the 
level, with the compressed air brake of 
the type in use, the “stopping distances 
in the case of the disc brakes are longer 
below 60 km/h and shorter above this 
speed, than those of the block brakes (as 
can be seen from fig 5 from the average 
deceleration curves in the case of rapid 
braking). By means of greater deceleration 
with the disc brakes, it is possible to get 
similar stopping distances in both cases 
below approximately 50 km/h, but most 
of the vehicles show the results given in 
figure 5. In spite of these differences, the 
average braking decelerations obtained in 
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the case of braking during service, in which 
first of all the rheostatic brakes are applied, 
then, below 35 km/h only, the compressed 
air brakes, with disc and _ block brakes, 
within the same limits of dispersion of 
results, the upper limit still being suffi- 
ciently below the maximum deceleration 
obtainable. The great area of the field 
of dispersal can be explained by the fact 
that the peaks have been reached during 
regular working with different conditions 
of occupation, different permanent way con- 
ditions and with different drivers. By 
coupling together half-rakes fitted with dif- 
ferent types of brakes, the same decelera- 
tion values have been obtained. To obtain 
these decelerations, in the case of rakes 
fitted with block brakes on the average a 
maximum pressure of the brake cylinder 
of 1.03 kg/cm* has been used, and with 
disc brakes, a pressure of 1.7 kg/cm? i.e. 33 
and 55 % respectively of the value which 
can be obtained in braking in service. 
The rakes have always been braked to a 
standstill in this way at the prescribed 
places with a precision of less than 1 m. 


3.2. Possibility of use in service and stresses. 


To appreciate the stresses to which brakes 
can be subjected in service, it is necessary 
briefly to examine the traffic regulations. 
These are based on the general principle 
that, apart from restrictions imposed for 
other reasons, a train should run at such 
a speed that it can be braked to a stop 
in the distance of the warning signal on 
the steepest down gradient. 

To be able to work to and check this 
regulation in a simple fashion, the pro- 
perties of vehicles as regards braking are 
determined according to an international 
comparative system, expressed by what is 
called the brake-weight [6]. The quotient 
of the brake-weight by the weight of the 
vehicle is called the braking percentage : 
for a given type of brake this forms a prac- 
tical measurement of the action of the 
brake. It is therefore possible to lay 
down the minimum braking percentage 
which a train must have in order to be able 
to run at a given speed over a line having 
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a given profile. These minimum percent- 
ages are given in the corresponding tables 
of the traffic regulations; they are an 
important basic factor in drawing up the 
timetables and making up the trains. These 
tables are drawn up for stopping distances 
of 400, 700, and 1000 m and _ subdivided 
according to the types of brake I and II 
(quick acting brake and slow acting brake). 


running speed. 


— Mittlere Bremsverzége- 


Within the framework of this system, it 
is possible and moreover necessary from the 
operating point of view, to add to a train 
whose braked vehicles give a high braking 
percentage, a number of wagons without 
brakes or wagons with low braking power 
within the permitted limits for the per- 
centage laid down for the train as a whole 
in the working timetable. Goods trains 
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are generally made up in this way; but 
this can also be done in the case of pas- 
senger trains. In the case of such trains, 
simple braking to a stop on lines on the 
level or on a slight down gradient does 
not give rise to any fears of excessive 
stresses, seeing that a lower speed also 
means a lower braking power. But is is 
quite another matter on steep gradients 
when the train has to be heavily braked 
in order to respect the speeds laid down. 


This can be made clear by an example : 

Let us suppose we have a_ passenger 
train made up of coaches fitted with P 
brakes, which, locomotive and load includ- 
ed, has a braking percentage of 96 %. 
According to the braking tables, for 700 m 
type I brake, it can run at a maximum 
speed of 100 km/h on gradients of 5 °/o. 
On gradients of 20 °/ , where the maxi- 
mum speed is reduced to 65 km/h on 
account of the curve, only 58 % braking 
is required. It is therefore possible to 
add to this train vehicles with less efficient 
brakes until this value is reached; the power 
to be absorbed by the well braked vehicles 
will then be 2/3rd higher than if the train 
ran down this gradient with its 96 % _ brak- 
ing. If on the section with the down gra- 
dient the distance of the advance signal 
was 1000 m, which only requires a braking 
percentage of 46 % at 65 km/h, the power 
might be more than doubled. The brak- 
ing power of the strongly braked axles 
would increase still more if the train has 
not only a braking power of 96 %, but 
was made up with some coaches fitted with 
high power brakes capable of giving a 
percentage of 130 to 170 %. 

These conditions, however, have already 
been taken into consideration in the brak. 
ing tables. The minimum braking per- 
centages required on steep gradients are 
higher than needed to respect. the safe 
stopping distances alone, and are moreover 
calculated in such a way that the quan- 
tities of heat produced under existing con- 
ditions of the profile can be absorbed by 
the brake blocks in the usual case, without 
any fear of damage to the tyres. Such con- 
siderations only apply however on the one 
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hand to standard wheels (diameter approx. 
1000 mm) and on the other hand to G 
and P brakes, which in general give a per- 
centage of up to 110 and on light vehicles 
up to 120 (related to the tare). With fast 
brakes, on the contrary, if these minimum 
braking percentages are calculated accord- 
ing to the high brake-weights of the posi- 
tion S (R), the power may become so great 
on steep gradients that even after a short 
time the difference in temperature be- 
tween the tyre and the rim at which the 
tyre is loosened is reached. On steep gra- 
dients therefore it is necessary for all the 
vehicles to be more or less equally braked. 
Isolated vehicles with higher braking po- 
wers, for example coaches equipped with 
rapid brakes, must therefore be used with 
the type of brake corresponding to the 
majority of the others; they must therefore 
be put in the position P. According to 
the special regulations concerning steep 
gradients, it often happens that the full 
value of the brake-weights of position P 
is not taken into account in calculating the 
braking percentages. 

This however occasions difficulties in the 
case of vehicles fitted with disc brakes ow- 
ing to the fact that in their action and 
owing to their brake-weight, they are equl- 
valent to high speed brakes, but from the 
point of view of working they are P brakes 
and do not include in the device for chang- 
ing from one regime to the other, a second 
brake position for passenger train opera- 
tion. As a result, they have only one brak- 
ing percentage — usually a very high one — 
and consequently when running with mi- 
nimum braking percentage, they will be 
very highly stressed. In the case of ve- 
hicles and rail motor coaches, which always 
run with vehicles of the same nature, it 
does not appear that any cases of running 
With minimum percentages will occur: even 
if the brake of one of the coaches was 
damaged, the minima would not yet be 
reached in general. With small railcars 
such a case might occur if they were haul- 
ing goods wagons. As it is a question 
here of regular services, it is easy to take 
suitable steps, and tables have been pre- 
pared showing the loads hauled and pos- 
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sible speeds taking into account the brak- 
ing powers admissible with disc brakes. 

The problem becomes more difficult 
when it is wished to equip passenger 
coaches with brakes with composition lin- 
ings. For operating reasons, such coaches 
must be able to run everywhere; they must 
therefore also be able to run with mini- 
mum braking values. This is one of the 
reasons — together with insufficiently per- 
fected designs — which led to the failure 
of the above mentioned trials of fitting 
express coaches with drum brakes. 


In the case of a coach fitted with disc 
brakes, with an axle load of 7.5 t, which 
with a properly calculated brake may attain 
about 140 % of braking power, it would 
be necessary to absorb 37 HP per axle on 
a gradient of 25 °/o at 65 km/h, the brak- 
ing power being taken as uniformly dis- 


tributed. With a minimum braking of 
48 9%, which according to the _ braking 


tables would be adequate on such a gra- 
dient at 60 km/h, the power at the braked 
axles would rise to 108 HP. This is a 
value which it is already hard to deal with 
and which makes it necessary to count 
upon very high temperatures during long 
down gradient runs. 


It would however be erroneous and lead 
to poor user of the properties of disc brakes 
to brake more lightly as a matter of course 
or make calculations on the basis of a 
lower braking percentage in the case of 
vehicles fitted with such brakes in order 
to take into account the above considera- 
tions. A regime changing device allowing 
of reduced braking in such cases does not 
solve the problem either, as it would use- 
lessly complicate the pneumatic portion of 
the disc brake equipment. Such measures 
are, however, in no way necessary, and 
the protection of the brake against exces- 
sive stresses can be assured by suitable 
working rules, for example by not calculat- 
ing the minimum braking percentage for 
down gradients according to the maximum 
brake-weight, as is already done in special 
cases with block brakes. 

Since coaches equipped with disc brakes 
do not imply the inscription of a second 
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lower brake-weight, it is mecessary to 
indicate a coefficient of reduction by means 
of which the brake-weight is multiplied in 
cases where it is necessary to calculate the 
minimum braking percentages for sections 
with steep gradients (16 °/o and above). As 
in general in the case of block brakes, the 
brake-weights in position P are equal to 
approximately 0.7 times the value S, it 
would be advisable to use this coefficient. 
We then get instead of 140 % as initially, 
about 100 % only, and the power per axle 
at the minimum braking percentages will 
only be 76 HP which can easily be allow- 
ed. With a TEE rake which develops 
156 % when all its brakes are working at 
full strength, trial runs were made on a 
line in the Black Forest at minimum brak- 
ing percentages; the temperatures arising 
were sufficiently below the critical tem- 
perature. 

Another difficulty occurs with vehicles 
equipped with disc brakes as regards testing 
the brakes and checking the linings. Test- 
ing the brakes is a very important safety 
measure for the operating [1]; when making 
a complete brake test it is necessary to 
check the application of the brake blocks 
of all the vehicles. With block brakes, the 
operation is quite simple as a rule — at 
least to some extent as they can be seen 
from outside and reached by the examiner's 
long handled hammer. With disc brakes 
it is much more difficult, especially in the 
case of the disc between the wheels. In 
addition the play of the scissor-levers is 
so small that it is practically impossible 
to see if they are acting. ‘The problem has 
therefore been solved by means of indicator 
devices [2] mounted outside the body of 
the coach and inserted into the brake cy- 
linder conduit. According to the condition 
of the brake, these show a notice « brake 
free » or » brake engaged ». ‘This simply 
indicates however whether there is any 
compressed air in the brake cylinder. In 
general, it is taken for granted that in this 
case the scissor-levers are working, but na- 
turally it is possible for mechanical faults 
to occur which would prevent them from 
moving. In the case of vehicles and rail 
motor coach trains which are overhauled 


172 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


at regular intervals over an inspection pit 
it would appear — particularly in view of 
the small wear of the brake linings — that 
it is quite positive for the indicator device 
to show the true position of the brake scis- 
sor-levers. In the case of coaches used in a 
pooling system, which are rarely checked 
over an inspection pit, it 1s necessary to 
be able to check the brake  scissor-levers 


directly. The fitting of a control rod 
between the brake scissor-levers and a 
mechanical indicator device would not 


appear advisable owing to the great multi- 
plication made necessary on account of the 
very slight movement of the scissor-levers. 
A device has also been suggested with rods 
fastened to the scissor-levers and ending 
outside the body, which would allow the 
condition of the scissor-levers to be checked 
by tapping. But it must not be forgotten 
that with pooling, a very large number of 
men would have to be instructed in the 
way the brakes were to be tested on such 
vehicles. It cannot be taken for granted 
that the men will completely understand 
the working of such devices and conse- 
quently it is better to adopt some arrange- 
ment whereby the scissor-levers are at least 
approximately in the same positions as the 
blocks in the case of other types of brakes. 
In this case, in spite of the increased weight, 
it is better to give the preference to the 
type in which the brake discs are placed 
on each side of the wheel centres where 
the outer levers are visible and accessible. 

With railcars and other vehicles which 
are always used on the same services, it is 
a relatively simple matter to stock replace- 
ment linings, especially as there are only 
two sizes of linings, one for the small rail- 
cars and trailers, and the other for all the 
other vehicles. If there is pooling, greater 
difficulties will arise. Although the useful 
life of linings is considerable, it may _ be- 
come necessary to replace one anywhere, 
and the possibility of using the vehicles 
will certainly be limited as a consequence. 

An argument that is often brought up 
in comparing block brakes with disc brakes, 
is the tendency to form flats, and it is 
often admitted that this occurs more fre- 
quently with the latter. It is certain that 
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brake blocks on account of the friction 
they set up clean the running surface of 
the tyres. In the case of wheels that are 
not braked on the running surface, a spot 
of grease picked up when running through 
a dirty station or shed may remain on the 
tyre for a considerable time and contribute 
to decreasing the adhesion. To avoid this 
with certain foreign designs of disc brakes 
special additional « cleaning blocks » have 
been provided; these were first used on 


the D.B. on the motor bogies of the 
ET 30011 A.C. rail motor coach, where 
they also serve as antislip brakes. The 


block brake has the further advantage that 
in the long run slight flats become worn 
out and therefore less perceptible. 

In judging the tendency to form flats, 
it must be remembered that owing to the 
small coefficient of adhesion between the 
wheel and the rail, the braking conditions 
of railway vehicles are as a general rule 
very unfavourable — much more unfavour- 
able than in the case of road vehicles — 
and to obtain decelerations that can really 
be used in service, in calculating the brakes 
it is necessary to go almost as far as the 
lower limit of adhesion. The degree of 
utilisation of the coefficient of adhesion 
depends on the value of the deceleration 
desired and it is quite obvious that in the 
one case as in the other — block brakes 
or disc brakes — shorter stopping distances 
will increase the tendency to form. flats. 
The vehicles corresponding to the curves 4 
and 5 (fig. 3) which are fitted with disc 
brakes, might be for this reason alone 
more prone to form flats than the vehicles 
fitted with block brakes like those in 
curves 1 and 2, without it being necessary 
to admit that the conditions of adhesion 
are in principle worse. Unfortunately, 
exact comparative measurements of the 
adhesion are not as yet available for wheels 
braked by blocks and by disc brakes. 

The regular rolling of the wheels during 
the operation of braking can be upset by 
a whole series of influences, some of which 
are incalculable. These are, on the one 
hand, local reductions of the coefficient of 
adhesion as well as the removal of the load 
from the following axles caused by the 
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deceleration, and on the other hand in- 
creases in the coefficient of friction and 
increases in the braking efforts beyond the 
calculated values due to mistakes in appli- 
cation. Should there be a combination of 
several of these circumstances, it would be 
quite impossible to avoid the formation of 
flats completely. However this combination 
depends very much upon chance, as can 
be seen from the fact that the number of 
flats is very small compared with the num- 
ber of axles in service, and it is rare for 
all the axles of a train to be affected; 
in general only isolated axles are, usually 
the rear axles. 

It is therefore very difficult to demon- 
strate that for an equal calculation of the 
user of the coefficient of adhesion the pro- 
bability of forming flats is the greater or 
the smaller in the case of disc brakes than 
in the case of block brakes, seeing that 
there are no directly comparable vehicles. 
On the Hamburg urban railway (S. Bahn), 
the number of flats is always higher on 
rakes fitted with block brakes, but with 
these again the number is higher than the 
general average. In this case the circum- 
stances are quite particular: a great num- 
ber of brakings, frequently unfavourable 
atmospheric conditions, simultaneous use of 
electric and compressed air brakes, construc- 
tional design, frequent changes of staff at 
the terminal] stations, etc., so that it is not 
possible to generalise purely and simply 
the facts noted on the Hamburg Railway. 

It is therefore not yet possible to give 
any reliable answer to the question of the 
greater or lesser tendency to form flats, 
but it would appear that this is no longer 
of capital importance, since there are de- 
vices which function perfectly thanks to 
which the axles of costly vehicles can be 
protected against the consequences of skid- 
ded wheels (anti-skidding regulator). 


4, Choice and inspection 
of brake linings. 


4.1. Stresses to which linings on railway 
and road vehicles are subjected. 


The quality of brake linings is of capital 
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importance, as we have already shown when 
dealing with their behaviour on railway 
vehicles. The conditions they must fulfil 
are very severe, and definitely more exact- 
ing than those governing the usual types 
of brake linings for road vehicles. 

Table 1 gives interesting data concern- 
ing the stress conditions. It shows in jux- 
taposition certain specific values charac- 
teristic of the stresses of linings, taken from 
the technical characteristics and operating 
conditions of well known rail motor coach 
rakes, fitted with brakes with composition 
linings, and heavy road vehicles. The axle 
loads shown in column 4 include the pro- 
portions of the useful loads of the vehicles 
when occupied or with maximum _ loads. 
The influence of the revolving masses is 
taken into account in the determination of 
the work done by the brake by means of 
the factors 1.1 for the motor axles of ET 30, 
and 1.05 for its carrying axles, as well as 
for the axles of the other vehicles. In 
addition, it is supposed that the braking 
conditions are regulated in such a way 
that the braking devices of each axle each 
absorb the brake stresses due to the static 
axle loads and revolving masses. In cal- 
culating the average braking powers in the 
case of braking to a stop from Vmaz, we 
started with the decelerations to be expect- 
ed in the case of powerful braking (fast 
braking for railway vehicles) of fully occu- 
pied or loaded vehicles, without the inter- 
vention of the electromagnetic brakes act- 
ing on the rails nor the utilisation of the 
braking effect of the engine. 

It will be seen that the average speeds 
of sliding between the lining and the cor- 
responding rubbing surface often apprecia- 
bly exceed, on the brakes of railway ve- 
hicles, the usual speeds on motor vehicles 
(column 10). At the maximum speeds 
allowed in the case of railway vehicles, they 
vary between 13.7 and 25.7 m/sec whereas 
they are only 7.3 to 9.4 m/sec on the 
brakes of the road vehicles considered. ‘The 
directives of the Federal Munistry of 
Transport on approved automobile com- 
ponents [17] lays down in chapter 29 (brake 
linings) maximum speeds of sliding of 
12 m/sec; so that it will be appreciated that 
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the examples taken from the doinain of 
brakes for road vehicles for this comparison 
are well within the practical values as re- 
gards the speed of slide between the lin- 
ings and corresponding friction surface. On 
the other hand on the railway vehicles, at 
the periphery of the discs, at the maximum 
admissible speeds of 140 km/h, there are 
maximum speeds of slide between the fric- 
tion surfaces of the order of 30 m/sec and 
over. 


The brakes of motor vehicles generally 
work with higher specific pressures of the 
lining (up to 12 kg/cm’, compared with 6 
at the maximum for the brakes of railway 
vehicles). In addition, on the heavy brakes 
of motor vehicles, linings are used that have 
a higher coefficient of friction. Hence the 
result, which may appear surprising at first 
sight, that in spite of the higher speeds of 
slide between the frictional surfaces in the 
case of railway vehicle brakes, the average 
braking powers per square centimetre of 
the surface of the lining when braking to 
a stop from Vmaz at the average decelera- 


tions indicated : 

0.131 — 0.280 HP/cm’* on railway ve- 
hicles, and 

0.146 — 0.240 HP/cm* on motor ve- 
hicles, 


are of the same order of value (column 15). 
In appreciating these more or less equal 
values of the specific power, which have 
been determined for this table from the 
average work of braking and deceleration, 
but which in the end are none other 
then the products of the values of p, wv 
and u in each case, it must not be forgot- 
ten that the influence of these factors upon 
the behaviour of the linings from the point 
of view of the coefficient of friction and 
of wear must certainly not be considered 
as identical, and probably the speed of 
slide is of predominating importance. 

The weights of the vehicle per square 
centimetre of the surface of the lining, 
shown in column 7, allows of certain con- 
clusions being drawn as regards the stresses 
of the linings on down gradients [15]. They 
lie between 5.2 and 14.8 kg/cm* in the case 
of railway vehicles and between 2.3 and 
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4.5 kg/cm* in the case of motor vehicles. 
On down gradients, all other things being 
equal, the brakes of railway vehicles trans- 
form into heat two to three times as much 
work per unit of surface of the linings. 
This does not necessarily mean that the 
stressing of the material is higher propor- 
tionately, as this stress is a function to a 
large extent of the temperatures of the 
lining and the body of the brake. The 
value of these temperatures on down gra- 
dients, all other conditions being equal, is 
also a function of the cooling conditions 
— proportion of the friction surface with 
linings to the unlined surface, total surface 
of the brake disc itself, access to it by the 
wind set up by running, etc. In this con- 
nection, brakes with composition linings 
on railway vehicles, especially those in the 
form of discs, are advantageous. But in 
addition to this fact, which undoubtdely 
diminishes the stressing of the material of 
the brake linings of railway vehicles, it 
must be remembered that in practice when 
road motor vehicles are running downhill, 
a very large proportion of the gravity com- 
ponent is absorbed by the engines, which 
relieves the brake linings to a much greater 
extent than happens in the case of rail- 
way vehicles even under the most favour- 
able cooling conditions. 

To utilise the traction engines when run- 
ning downhill or braking to a stop rail- 
way motor coach sets presupposes mech- 
anical changes of gear when they are driven 
by thermal engines, or in the case of elec- 
tric traction, larger dimensioning of the 
traction motors to correspond to the longer 
time they will be functioning as well as 
the additional devices such as braking re- 
sistances, brake regulators, fans, etc. Mech- 
anical changing of gear is only applicable 
however in the case of low powers (small 
railcars). In the case of heavy rakes with 
thermal engines, to ask the engines which 
are already heavily stressed by their own 
job of driving the train to play a_ part 
in the braking cannot be considered a 
happy solution. The oversize engines 
— compared with traction requirements — 
as well as the other arrangements needed 
for electric rail motor coach rakes, gives 
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rise to relatively high costs; in addition, 
there is sometimes the difficulty of lack of 
space. The engines of rail motor coach 
rakes can therefore only play a part in 
the braking in a few special cases, both in 
the case of running down long gradients 
or braking to a stop. Such special cases 
occur, for example, on hilly sections or 
in the case of suburban traffic. In addi- 
tion, it must not be forgotten that on rail- 
way motor coach rakes, the participa- 
tion of the engine in the braking relieves 
the brake linings much less than it does in 
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to the present working timetables, are from 
120 km/h. The average distance between 
stops is 4.35 km. To take into account 
projected services, it is even required that 
the braking equipment on this rail motor 
coach set makes it possible for it to run 
over the section in question with the stops 
spaced at an average distance of 2.5 km 
at a running speed of 120 km/h, with 
average acceleration and deceleration of 
0.7 m/sec’ and a half-minute stop at each 
station. Let us say at once that trials 
carried out in service with the ET 30011 
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the case of road motor vehicles, as condi- 
tions are completely different (proportion of 
motor axles to total number of axles, low 
value of adhesion of the wheel on the rail). 

The braking effort per square centimetre 
of surface of the lining in braking to a 
stop from Vmax (column 14) is particularly 
striking. ‘The figures reached by railway 
vehicles, 408 to 1190 mkg/cm? are nearly 
ten times greater than those for the brakes 
of motor vehicles. These violent stresses 
may possibly be repeated several times at 
very short intervals. When the ET 30 was 
used on the fast services in the Ruhr, the 
Hamm (Westph.) to Dusseldorf Gentral run 
or the return run (about 108 km) includes 
25 brakings to stop, 18 of which, according 


rake fitted with disc brakes have already 
proved that this programme is  realisable 
without difficulty, and there is completely 
acceptable wear of the linings with the qua- 
lities of brake linings specified by the D.B. 

As we have already stated elsewhere in 
the present article, certain ordinary coaches, 
which run in complete trains, are fitted 
with disc brakes. It is proposed to fit these 
to a small number of other coaches. The 
axle loads are 7 to 10 t; consequently with 
the brake dimensions proposed, the stresses 
of the linings correspond more or less to 
the lower figures given for railway vehicles 
in Table 1. It must not be forgotten, how- 
ever, as was stated above, that when mixed 
with vehicles equipped with less powerful 
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brakes, definitely higher stresses may occur 
in the linings. 

The special features of railway operating 
mean that certain other considerations 
apply in choosing the brake linings, which 
need not be taken into account to the 
same extent in the brake linings of road 
vehicles. The low coefficient of adhesion 
between the rail and the wheel [1] as well 
as the difficulty of braking individually the 
different units of a rake according to the 
condition of the rail and the occupation 
or load, involve very close tolerances for 
the coefficient of friction, as we shall ex- 
plain in greater detail in § 4.3. For 
example, the coefficient of friction of the 
lining when run in must only vary by 
+20 % at the specific pressures of full 
application of the brakes, as well as at all 
the speeds of slide and temperatures occur- 
ring in service, and the effects of humi- 
dity. On the other hand, the « Directives 
for testing vehicle components » [17] issued 
as a result of § 22 of the « Regulations for 
authorising vehicles to run on the roads », 
states in clause 29: 

— for the linings of motor vehicles of 
class GH, average coefficients of friction 
of 0.35 to 0.45 with a total average disper- 
sion of 50 %; 

— for the linings of motor vehicles of 
class GN, the same average coefficients of 
friction, with a total average dispersion of 
35 %. 

Nor must it be forgotten that in the 
case of brake linings for railway vehicles, 
the indicated scale of dispersion covers the 
instantaneous coefficient of friction (see 
fig. 7) in each case, whereas in the case 
of linings for motor vehicles, it is merely 
question of the « average total dispersion », 
ie. the maximum difference between the 
average coefficients of friction found dur- 
ing various tests with various stresses relat- 
ed to the average coefficient of friction of 
the whole series of tests. 


The condition of the greatest possible 
insensitivity to humidity is of particular 
importance in the case of linings for rail- 
way vehicles, where the brakes are not 
protected by any covering, so that the lin- 
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ings are, as it is easy to see, much more 
exposed to atmospheric influences than 
those of brakes with internal scissor-levers 
used on motor vehicles. It must also be 
mentioned that the above coefficients of 
friction required for the linings of disc 
have to be obtained from friction on cast 
steel as well as on cast iron. 


4.2. Historical review of the evolution 
of brake linings for railway vehicles. 


‘Twenty-five years ago, when the first rail- 
way vehicles fitted with brakes with com- 
position linings were built, the only ma- 
terials available for the brakes were the 
friction materials used for the brakes of 
motor vehicles and cranes and developed 
for use on such vehicles. These were based 
on the use of asbestos to provide the need- 
ed strength as well as to form the fric- 
tion material, and artificial resin as the 
impregnation or bonding material. ‘These 
were used in the form of mesh or woven 
and then compressed in a press. Such lin- 
ings sometimes were satisfactory on the 
level when braking did not occur at too 
close intervals, or on short and not too 
steep down gradients. When brake applica- 
tions at high speed followed one another 
in rapid succession, or when running down 
long, steep gradients, the impregnating or 
bonding matters were driven out and ended 
by burning up. ‘The consequences were 
as follows: a lot of smoke and unpleasant 
smell, considerable variations in the coef- 
ficient of friction, very heavy wear, and 
finally, in the worst cases, the destruction 
of the linings. When affected by humidity, 
to which the exposed linings of railway 
vehicles are often much exposed during the 
winter when it is snowing, the coefficient 
of friction of linings of asbestos mesh with 
long fibres fell to 25 % and less of the 
values obtained when they were dry under 
similar braking conditions [2], [8]. 

Work undertaken to improve the fric- 
tional properties of such linings when damp 
or severely heated, gave interesting results 
to some extent, but were soon abandoned, 
on the one hand because owing to political 
events which had taken place in the mean- 
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while asbestos was no longer available for 
this purpose, and on the other hand, be- 
cause marked progress towards making fric- 
tion materials which were not affected by 
heat or damp had been made. 

Rudolf Oswald, the owner of a firm mak- 
ing brake linings at Ohorn (Saxony) devot- 
ed himself in 1934 to the problem of 
finding a new fibrous and heat resisting 
material for brake linings to replace asbes- 
tos [9], [10]. It was discovered that alu- 
minium or soft steel fibres of about 
0.03 mm diameter were very suitable for 
this purpose. Metal wool with the addi- 
tion of a certain quantity of powdered 
material could be made into compressed 
brake linings by using as bonding agent 
either artificial resin or synthetic rubber 
(Buna) stable at high temperatures. Such 
linings were practically insensitive to damp 
or showed very little wear. Owing to the 
good thermal conductivity of the material, 
there was no accumulation of heat and 
consequently no excessive heating of the 
frictional surfaces; the coefficient of fric- 
tion remained practically invariable, even 
at temperature above 300°C. The syn- 
thetic rubber made very stable as regards 
heat by suitable treatment gave rise to less 
offensive smells than most of the artificial 
resins formerly used for brake linings. The 
first friction materials based on metal wool 
were manufactured by Oswald in the second 
half of 1934; at the same time he applied 
for patents for the principle. The perfect- 
ing of this type of lining had practically 
been completed by the end of 1937. During 
the trials mentioned at the beginning of 
this article with a Hamburg type fast rail- 
car fitted with new bogies with disc brakes 
on the west gradient of the Arlberg in 
1939, these materials were used and gave 
the best results. The steel wool and 
« Buna » linings were passed for disc 
and drum brakes and were generally used 
on the railway vehicles of the former 
Reichsbahn from 1938 till the end of the 
war. 

In addition to the material for linings 
based on steel wool and Buna, patented 
by Oswald, which complied with the re- 
quirements for brake linings for railway 
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vehicles and the necessities of the position 
regarding raw materials, until the end of 
the war another type of lining was avail- 
able using native products designed at 
about the same time. This consisted essen- 
tially of asbestos dust and other mineral 
powders bonded together with « Buna ». 
This was very little affected by damp; in 
addition the coefficient of friction remain- 
ed constant as a rule during average brak- 
ing stresses. “This product was used during 
trials of a fast Hamburg type railcar with 
bogies fitted with disc brakes on the west 
gradient of the Arlberg; from the point 
of view of resistance to heat, it was found 
however to be definitely inferior to the 
material based on steel wool and « Buna ». 
For the sake of completeness, we should 
also mention that before the war relatively 
satisfactory results had been obtained with 
brake materials based on waste asbestos 
bonded by means of artificial resin and 
« Buna » [8]. However trials of this 
material had to be abandoned as the asbes- 
tos waste was no longer available for this 
purpose. Trials with a view to replacing 
asbestos fibres by peat fibres with a metal- 
lic thread or other national products failed 
completely [8]. The evolution was finally 
completely interrupted by the events of the 
war. 
After 
slowly. 
supplied the 


the war, things only progressed 
The Saxon firms which formerly 
linings needed for railway 
vehicles with drum or disc brakes were 
out of action. The work of the factories 
in Western Germany had to contend with 
serious difficulties to begin with owing to 
the shortage or poor quality of the raw 
materials available. Owing to the con- 
stantly varying quality of the essential raw 
materials imported, the frictional proper- 
ties, the most important, of the linings 
varied from one consignment to another, 
so that on several occasions the results of 
much painstaking work had to be taken 
out of manufacture. Finally, the situation 
became even more difficult owing to the 
fact that it was necessary first of all to 
make linings for existing vehicles, fitted 
with drum brakes, with which thermic con- 
ditions and other difficulties that had to 
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be overcome, led to particularly serious 
roblems as regards the resistance to heat 
of the brake materials. 

Finally, little by little, suitable brake 
materials were perfected both for disc 
brakes and drum brakes. Since « Buna » 
has once more been procurable of unvary- 
ing quality and in sufficient quantity, brake 
linings have been designed for railway ve- 
hicles which largely meet requirements as 
regards resistance to heat and damp, the 
wear of the linings and the effects upon 
the corresponding friction material. 


The following figures will give some idea 
of the difficulties which had to be overcome 
since the end of the war until the technique 
of brake linings reached the above briefly 
summarised level : 


From 1947 to mid 1958, the Brake Test- 
ing Department of the Bundesbahn car- 
ried out composition tests on 309 friction 
materials for drum or disc brakes on rail- 
way vehicles, put out by 16 different firms. 
As a result of these tests, 19 materials from 
5 firms were recognised as being usable 
and accepted. Some of the friction ma- 
terials had to be taken off the list owing 
to a decline in their quality. When this 
article was written, there were 8 materials 
which met the requisite conditions, two of 
which were suitable for drum and_ disc 
brakes. 


4.3. Tests of brake linings 
for railway vehicles. 


In § 4.1, we drew attention to the ereat 
stresses to which brake linings on rail- 
way vehicles are subjected in service. To 
allow of the perfecting or selecting of suit- 
able linings, and to keep a constant check 
upon the quality of deliveries, it was neces- 
Sary to get out a suitable test method, 
adapted to the special conditions of rail- 
way operating. 

This method comprises : 

detailed technical specifications, fixing 
the dimensions as well as the frictional and 
other properties of the brake linings; 

suitable test arrangements, and 


a programme of tests designed to repro- 
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duce the conditions of stress occurring when 
railway vehicles are braked. 


4.31. Technical specifications. 


When the first railway vehicles were fit- 
ted with brakes with composition linings 
— as we said above these were drum 
brakes — the friction materials already used 
by the motor industry and in the construc 
tion of cranes were used. However, in view 
of the diversity of conditions under which 
they had to function, it soon became neces- 
sary to establish special principles applying 
to the supply of brake linings for railway 
vehicles as regards the dimensions, value 
of the coefficient of friction at different 
application pressures, speed of slide and 
temperatures, as well as in damp weather. 
These principles were improved upon as 
greater experience was obtained, and were 
adapted on several occasions to comply 
with the progress made in the construction 
of brakes and in the manufacture of the 
linings. When the situation became sta- 
bilised again after the second world war, 
they were made concrete in the « Technical 
Delivery Conditions for linings for drum 
and disc brakes on railway vehicles » 
(TL 918230). The edition in force at the 
present time is that of July 1951 with 
certain supplements. 

The delivery conditions first of all lay 
down the procedure of acceptance and sup- 
ply, give an idea of the existing dimensions 
and contain indications about the condi- 
tions of stress. The specific pressures are 
as high as 4 kg/cm’ in the case of drum 
brakes and 6 kg/cm? in the case of disc 
brakes; the maximum speeds of slide are 
33 m/sec; in addition allowance must be 
made for temperatures of as high as 450° C. 

The stress conditions are the basis for 
the acceptance and supply tests for class II 
quality linings, which can be used on all 
vehicles. In the case of class I quality, lin- 
ings intended for vehicles having a maxi- 
mum speed of 90 km/h, the tests are 
somewhat less severe as regards the speed 
of slide and the temperature. 

_ However, the value of the coefficient of 
friction must in every case lie between 0.32 
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and 0.38, both for drum brakes and for 
disc brakes. The variation in the coeffi- 
cient of friction must as fas as_ possible 
be independent of the pressure of applica- 
tion, the speed of slide and the temperature. 
However, it would not be grounds for rejec- 
tion if the coefficient of friction of linings 
for disc brakes exceeds the upper limit 
for specific pressures on the linings of 
2 kg/cm* and below, which do not occur 
when the whole braking effort is applied. 
In the same way, for speeds of slide below 
3 m/sec at the end of braking, an increase 
in the coefficient of friction up to 0.42 is 
allowed. If the lining is wet, the coeffi- 
cient of friction may vary by not more 
than 15 % compared with the correspond- 
ing value of the coefficient of friction when 
it is dry. The same applies to the period 
of running in; here again the differences 
compared with the corresponding values 
for the run in condition of the lining must 
not exceed + 15 %. 

The acceptance and supply tests provide 
for braking to a stop up to the total pres- 
sure of the lining and until the speeds of 
slide corresponding to the maximum speeds 
of the vehicles to be fitted are reached, as 
well as prolonged braking at average speeds 
for periods of up to 20 min. For fuller 
details see further on the paragraph « Test 
programme ». The linings must stand up 
to these braking forces without suffering 
damage, smoking or catching fire, as well 
as without loss of the bonding material. 
The wear must not exceed 2 cm*/HP/h in 
the case of linings for drum brakes and 
1 cm’/HP/h in the case of linings for disc 
brakes. On the other hand, in view of 
the running in of new linings, the wear 
of the linings must not be too small. The 
surfaces of friction in contact must not 
be damaged by the linings, and in parti- 
cular there must not be any grooving. 

Amongst the conditions governing deli- 
very in the case of the general mechanical 
properties of the linings, mention may be 
made once more of the fact that the fabrics 
and the other bonding materials and 
additions must be uniformly distributed 
throughout the whole of the lining and 
there must not be any undue concentra- 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 181 


tions nor blebs. When rivetted to the 
scissor-levers, the linings must not break 
nor crack. ‘They must not readily absorb 
water, 

To determine whether these conditions 
have been observed, during the delivery 
and reception tests on trial lots, longitu- 
dinal and transversal cuts are made which 
are carefully examined; in addition the 
resistance to rivetting and the absorption 
of water in 24 h are determined. As regards 
resistance to rivetting, it is laid down that 
during the test with the device invented 
by the Brake Testing Department of the 
Bundesbahn, the bases of the rivets must 
stand up to at least two blows from a 
mass of 500 g falling from a height of 
450 mm in the case of linings for drum 
brakes and a height of 350 mm in the case 
of linings for disc brakes. There are no 
set figures as regards the absorption of 
water in 24 h: this test, as well as the 
determination of the hardness and specific 
weight are intended above all to make it 
possible to compare the value of the dif- 
ferent deliveries of a given quality of fric- 
tion material, as well as with the reception 
tests for this quality. 


The delivery conditions also include 
clauses dealing with manufacture, the di- 
mensional tolerances to be respected, mark- 
ing, delivery, and possibly replacements. 


4.32. Test arrangements. 


Amongst the properties of brake linings 
indicated in the delivery conditions, the 
observance of which must be proved by 
suitable tests, the variation in the friction 
at different pressures, speeds of slide and 
temperatures is of special importance. It 
must be stated here that — whathever test 
method is used — it is only possible to 
determine the behaviour of the pair as a 
whole, as the value and variation of the 
coefficient of friction depends not only 
on the material of which the lining is made, 
but also in every case, that of the disc or 
drum and the nature of their frictional 
surfaces. 


To determine the frictional properties, 
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different methods can be used [11], [12], 
sie Lol according to whether it is 
a question of measuring the practical or 
physical coefficient of friction, whether 
average values are all that is needed or 
whether it is desired to know in detail 
the value of the friction as a function 
of the time or the distance, as well as the 
precision required for the values obtained : 


a) test on an ordinary vehicle with com- 
position brake lining. In this way, it is 
possible to determine the average coeffi- 
cients of friction from the average decelera- 
tions measured during the braking tests. 
If the deceleration diagrams are recorded 
during the tests, it is possible to deduce 
therefrom also the approximate variation 
of the coefficient of friction. In view of 
the multiple influences, which it is not 
always possible to appreciate singly, of the 
vehicle itself including the brake and _ its 
state of repair, as well as those of the per- 
manent way, it is not possible to be too 
demanding as regards the precision and 
general value of the figures found in ‘his 
way. This method is often used in testing 
brake linings for motor vehicles; 


b) test with measuring coach. Here the 
braking efforts are measured by the inter- 
mediary of a Prony brake and a recorder. 
It is possible to register immediately by 
using an electric calculator the quotient of 
the tangential effort by the effort of appli- 
cation — in other words the coefficent of 
friction — in a continuous fashion as a 
function of the time or the distance. Brak- 
ing to a stop or prolonged braking can 
be tested. As the braking efforts can be 
measured very precisely by means of a 
Prony brake, the figures obtained are ob- 
viously more trustworthy than those obtain- 
ed from running tests with an ordinary 
motor unit. However, even with this 
method, a series of factors which have no 
relation at all with the frictional material 
affect the result, so that there is no pos- 
sible hope of obtaining the exact physical 
characteristic values applicable to the ma- 
terial of the lining working in conjunction 
with the material against which it is rub- 
bing. But the same brakes are always 
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used — disc or drum — from the point 
of view of the stock, the dimensions and 
the execution, as well as with linings of 
the same dimensions and as, moreover, the 
test conditions can be kept largely uni- 
form, the method gives practical and com- 
parable values for the friction and the 
wear; 

c) tests of complete linings on the test 
bench. In this test, the linings are studied 
in their full size on real brake discs or 
drums. Generally, it is possible to brake to 
a stop as well as carry out prolonged brak- 
ing. To store up the energy to be des- 
troyed in braking to a stop, suitable cen- 
trifugal masses are used. ‘The polar mo- 
ment of inertia of these masses may reach 
206 kg/m/sec*. The braking efforts are 
measured by means of a Prony brake and 
can be recorded. 


As regards the precision and value of 
the values obtained on the test bench for 
complete linings, we can repeat once more 
what we already said in connection with 
tests with a measuring coach. The bench 
method has certain advantages over the 
measuring coach because it is possible to 
eliminate the influences of the running 
wind, varying ambiant temperatures, and 
that of the permanent way. In addition, 
the carrying out of tests on a fixed bench 
is certainly simpler and faster than making 
tests with the measuring coach on lines in 
ordinary operation. On the other hand, 
this latter method is of value when it is 
desired to study precisely the effects of 
the wind set up by the running, of the 
ambiant temperature and_ the permanent 
way; 

d) tests of part linings on the test bench. 
Here small particles of the linings to be 
studied are rubbed against small scale 
models of discs or drums made-of the same 
material as the original discs or drums. 
According to whether only braking to a 
stop or else prolonged braking or both 
types of tests are required, there are test 
benches for the work and for the power 
and for combinations of the two. The 
energy to be destroyed in braking to a 
stop is absorbed by revolving masses. The 
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Brake Testing Department of the Bun- 
desbahn has a combined work and power 
test bench. To measure the braking 
efforts, there is a Prony brake: braking 
efforts can be recorded as a function of 
the time and the displacement. 


Tests of the power of part linings are 
of particular interest. In this test, during 
the whole duration of the test, are main- 
tained constant : 

1) the force of application and the speed 
of rotation, or 

2) the braking effort = force of applica- 
tion X coefficient of friction and the speed 
of rotation. 

In addition, it is possible to work at a 
constant average temperature of the fric- 
tional surfaces. This result is obtained 
either, in the testing of the constant brak- 


ing power — last case — by carrying on 
the test until equilibrium is established, 
or — in both cases — by cooling or heat- 


ing the other frictional surface. 


As the tests on part linings make use 
of small samples from linings, it can be 
admitted that if the pressure of applica- 
tion is kept uniform, the specific pressures 
of the lining are also uniform over the 
whole frictional surface. In the testing 
of the power of the part lining on the 
drum — where the speeds of slide over 
the whole frictional surface are also uni- 
form — it is therefore possible to determine 
the physical characteristics of the friction 
material being studied, in conjunction 
with the material of the other frictional 
surface, as a function of the specific appli- 
cation pressure, the speed of slide, and the 
temperature of the frictional surfaces. 


The Brake Testing Department of the 
Deutsche Bundesbahn, according to the 
problem before them and the destination 
of the test as well as the desired precision 
of values to be found, works according to 
one or other of the above methods. How- 
ever, the acceptance and reception tests 
laid down in TL 918230 are — except for 
a few rare exceptions in the case of the 
reception tests — carried out on a test 
bench with complete linings. 
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Unlike the innumerable types and _ sizes 
of brakes for motor vehicles, there are 
only a small number of forms and sizes of 
brake discs and drums for railway vehicles. 
The linings of disc brakes are all prac- 
tically identical in form and size; and there 
are only a few sizes of linings for drum 
brakes. The disc brake is completely free 
from the phenomena of self-tightening; 
with drum brakes with outer scissor-levers, 
their influence is very slight. Under these 
special conditions, work and power tests 
on the test bench with complete linings 
give values for the friction and wear which 
can be made use of straight away under 
actual operating conditions. 

During the tests, the braking effort and 
the force of application are recorded in a 
continuous fashion as a function of the 
travel; by means of a manual contact it 
is possible to add reference marks relating 
to the speed or time. A counter set in 
action at the beginning of the braking 
makes it possible to count the revolutions 
on the test bench up to standstill. From 
the results it is possible to obtain the 
stopping distance. The average temper- 
ature of the brake disc or drum are measur- 
ed on the surfaces in friction by means of 
thermo-couples the junction of which is 
buried in a sliding shoe, and readings 
taken from the indicator device. Finally, 
the braking times are determined by means 
of a chronometer. 

The linings are tested on cast steel discs 
or drums, which are practically the only 
kind used on the railway vehicles of the 
D.B. In acceptance tests, the linings are 
also tested on a grey iron disc. 


4.33. Test programme. 


As we have seen in the relative para- 
graph, the « Technical Specifications for 
drum and disc brake linings for railway 
vehicles » TL 918230 only give very general 
information about the stresses to which the 
linings are subjected from the point of 
view of the length of braking, the specific 
pressure of the linings, the speed of slide, 
the temperature, etc., during the acceptance 
and reception tests, and about the limits 
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of the coefficient of friction and wear 
which must be respected. The study of 
the coefficient of friction, by means of 
certain test programmes is therefore an 
essential part of the Technical Specifica- 
tions. ‘These programmes have been laid 
down and perfected by the Brake Testing 
Department of the Bundesbahn after long 
years of experience. ‘The order of succes- 
sion of the different brakings is determined 
in each case in such a way that, on the 
one hand, the most adverse conditions 
which might occur in service are carefully 
studied without subjecting the linings to 
be tested to excessive conditions, and on 
the other hand, the test can be completed 
in one working day. 

Table 2 indicates, as an example, the 
programme for testing the coefficient of 
friction for disc brake linings on the test 
bench for testing complete linings. After 
a few running in brakings — generally 
8 brakings to a stop from 90 km/h with 
a specific pressure of 5.5 kg/cm®* after which 
the linings must make about 70 % con- 
tact — brakings to a stop are made from 
60, 90, 120, and in the case of linings 
intended for fast railcars from 140 km/h 
under different specific pressures and tem- 
peratures. The way the quality of the 
lining stands up to damp is shown by 
braking No. 15 at 60 km/h under a pres- 
sure of p = 2 kg/cm’ with a cold disc. 
After two other brakings to a stop with 
linings which are drying out, a prolonged 
braking lasting 20 min is made with all 
the linings with a power of 85 HP at 
V = 60 km/h and in the case of linings 
for fast railcars, a second prolonged brak- 
ing with a power of 75 HP at 70 km/h 
until the friction surfaces reach an average 
temperature of 450°C. Brakings to a stop 
at the pressure p = 4 kg/cm? at different 
speeds, after a short preliminary loosening 


of the scissor-levers, end the prolonged 
braking. Finally, after the disc and lin- 


ings have cooled off, three more brakings 
to a stop are carried out with increasing 
stresses. The work of braking to be ab- 


sorbed in each case by the linings during 


these brakings to a stop corresponds to 
loads of 8 t per wheel. 
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The recording of the braking efforts and 
the forces of application during all the 
brakings makes it possible, in spite of the 
relatively small number of brakings on 
the test programme, to get a very pertinent 
and decided idea of the friction charac- 
teristics of the linings tested. 


Figure 6 shows two extracts from the 
strips of recorded graphs. In both cases, 
these were brakings to a stop Nos. 12 
and 13 of the test programme for linings 
for disc brakes according to Table 2. The 
right hand example relates to a quality 
ot lining which did not meet the condi- 
tions, whereas the left hand example is 
from the test of a satisfactory lining. 


The most important results of the study 
of the coefficient of friction of the quali- 
ties of linings submitted for acceptance are 
recapitulated in the « Test notes for brake 
materials ». These give the limits of dis- 
persion of the values of the coefficient of 
friction for all brakings to stop — includ- 
ing running in brakings as a function of 
the speed, in addition, the variation of 
the coefficient of friction and the temper- 
ature as a function of the time during 
which the braking or brakings lasted, and 
finally the variation of the coefficient of 
friction as a function of the speed for 
some characteristic brakings to a stop as 
specific pressures of application of 2, 4 
and 5.5 kg/cm*. The test notes in the 
case of linings corresponding to the tech- 
nical specifications are an_ essential part 
of the acceptance dossier. 

Figure 7 shows the results of tests of 
the coefficient of friction recently carried 
out on an excellent disc brake lining for 
railway vehicles now on the market, in 
the form of a test note of this kind. On 
the other hand, figure 8 shows the test 
notes for a disc brake lining adapted in 
1953 from a lining for a motor vehicle 
which cannot be used on railway vehicles. 

During the current reception tests of 
linings of approved quality, only the initial 
and final coefficients of friction are taken 
into account together with the lowest 
values reached during braking, taken from 
the graphs and reported during the reports 


Marcu 1961 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 185 


TABLE 2. — Test programme for the disc brake linings 
of railway vehicles at test bench for complete linings (« Minden programme »). 


Initial 
-: ¥ p temper- : 
Braking km/h | kg/cm2 ature (2) Observations 
a—x 90 30 20 - 100 Braking to a stop as required to bed-down in the brake 
linings until they are about 70% run in. Temper- 
atures of the discs not exceeding 200 °C. 
1 60 4.0 20 Braking to a stop, dry. 
2 90 4.0 30 Braking to a stop with increasing initial temperatures. 
3 (4) 120 4.0 60 
4 120 4.0 100 
5 120 4.0 140 
6 (14) 120 4.0 180 
7 90 4.0 200 
8 60 2.0 20 Braking to a stop after a pause to allow for cooling. 
9 90 ape 30 
10 (1) 120 5.5 70 Braking to a stop at increasing initial temperatures. 
11 120 5.5 140 
12 120 a3 180 
13 () 120 55 200 
14 90 a ts, 220 
15 60 2.0 20 Braking to a stop, when damp, after a pause for cool- 
ing. 
16 90 4.0 50 Braking to a stop without any further damping. 
17 90 tee 70 
18a 60 “ -- Prolonged braking I, 35 HP for 20 minutes. ? 
185 70 -- _- Prolonged braking II, 75 HP for 10 minutes, in addi- 
tion solely in the case of material No. 562.30/31. 
Stopped when temperature of the disc reaches 450 °C, 
19 60 4.0 — Braking to a stop when hot, immediately after pro- 
longed braking I or IJ, without preliminary stop- 
ping of test bench. 
20 90 4.0 20 Braking to a stop after a pause for cooling. 


21 90 = Re 50 Successive brakings to a stop. 


(1) For brake linings of material No. 562.30/31 (fast vehicles), brakings Nos. 3, 6, 10 and 13 are 
carried out at V = 140 km/h. 


(2) The initial temperatures given to be taken as a guide. 
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of the test. In this case, these are suffi- 
cient for estimating the frictional charac- 
teristics. 

To determine the wear, the lining is 
weighed before and after the tests of the 
coefficient of friction, and by taking the 
difference in weight, the speciic weights of 
the frictional materials, and the total brak- 
ing work during the tests, the figures for 
the specific wear are obtained as cm*/HP.h, 
which can be compared together. The 
linings for disc brakes now on the market 
during the whole test programme shown 
in Table 2 have a wear of about 0.25 to 
0.5 cm*/HP-h. 


Summary. 


The disc brake offers, as compared to 
the shoe, or block, brake which is provided 
with cast iron brake shoes and is usued 
for all railway vehicles which are not equip- 
ped with disc brakes, a number of import- 
ant advantages owing to which it is fitted 
almost exclusively to the more up-to-date 
railcars, driving trailers, and vehicles with 
driving cabs as well as to the rail motor- 
trains of the German Federal Railways. 
If and when vehicles equipped with disc 
brakes are designed and put into operation 
it is necessary to make allowance for the 
special properties of these disc brakes espe- 
cially when the vehicles concerned are 
intended to be used in all-round manner. 

The operating efficiency of the disc 
brake depends, to a great extent, on the 
brake _ linings. As the working - stress 
applied to these linings is far greater than 
in road motor-vehicles it is possible to use 
only high-grade qualities which have been 
specially developed for this purpose. The 
requirements the brake linings are expected 
to meet are contained in the « technical 
specifications ». Suitable makes are se- 
lected and permanently checked in com- 
pliance with a testing-programme which has 
been adapted, to a great extent, to the con- 
ditions existing in actual practice. 
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On the Southern Region. 


Direct current third rail traction. 


Motor luggage vans with battery equipment. 


(Modern Transport, October 1, 1960.) 


Two motor luggage vans operating on the quay at Dover Marine on their batteries 
in conjunction with the Belgian boat train. 


reasons the Southern Re- 
gion of British Railways employs direct 
current at 660 V in its electrified zone, 
transmitted to the trains by a third con- 
ductor rail, with running rail return. Un- 
der the modernisation plan this has been 
extended to the Kent Coast line serving 
Sheerness and the resorts of Margate and 


For historical 


Ramsgate; it has already reached Dover via 
Faversham and Canterbury. Well in hand 
is the next phase in which the routes to 
Dover and Ramsgate via Ashford will be 
tackled and the Dover-Deal-Ramsgate route 
will be added. In the Battersea exhibition 
is one of the locomotives for this electri- 
fication, employed on boat trains such as 
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the Night Ferry, and also available for 
miscellaneous traffic and for passenger 
trains from other regions. 

These machines, with motor generator 
equipment which prevents them being gap- 
ped on breaks in conductor rail, have 
already been described in our columns; less 
well known are the battery-powered self- 
propelled luggage vans which are added to 
multiple-unit boat trains for conveyance of 
passengers’ luggage on to the Admiralty Pier 
at Dover and (eventually) alongside the 
boats at Folkestone. ‘They thus need 
neither the third rail, with its attendant 
dangers to passengers on the quays, nor 
overhead wires which would interfere with 
crane operations. 


For use with multiple-unit sets. 


When, following electrification, it was 
decided that almost all boat trains should 
be made up of multiple-unit sets, a method 
of handling mail and registered baggage 
under Customs seal had to be devised. 
Ordinary vans attached to the multiple- 
unit trains were ruled out, even if fitted 
with air brakes, for two reasons : they would 
reduce the power to weight ratio of the 
trains, which would make them unable to 
keep up with other trains on the line, and, 
in the London direction, the train could 
not be driven from them. Motored bogie 
luggage vans were therefore being built 
with driving cabs at each end, two for 
the first phase of the electrification which 
came into service in 1959 and eight more 
for the second phase, when all boat trains 
except the Golden Arrow and the Night 
Ferry will be made up of multiple-unit sets. 

Each van is the same length as the coaches 
of the multiple units, 64 ft. 6 in. over body 
ends and, apart from the two driving cabs 
and a small guard's compartment at one 
end, the whole of the floor space is given 
over to the conveyance of baggage, with 
a partition dividing the baggage compart- 
ment into two unequal sections. 
pairs of 
on each 


Three 
wide double doors are provided 
side, which are wide enough to 
take pallet trucks. Strengthened floors have 
been provided to allow trucks to manoeuvre 
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inside the vehicle. The general construction 
and the bogies are identical with those of 
the other electric coaches built for this 
scheme. 


Electrical equipment. 


The power and brake equipment, too, 
are the same as in the other coaches, but 
with important additions in each case. In 
order to avoid the use of shunting locomo- 
tives at the ports a 230 Ah traction bat- 
tery is provided so that the vans can move 
under their own power on to the neces- 
sarily unelectrified quayside lines. This 
in turn opened the way to profitable use 
of the vans as light locomotives when not 
needed for boat train traffic, which is 
very peaky. In this role they are able 
to haul trains of up to about 100 tons 
and vacuum brake equipment has been pro- 
vided to contro] the brakes on the trailing 
load. The brake on the van itself is con- 
trolled in the normal way from the air and 
electro-pneumatic driver's brake valve and 
a special valve then makes the train pipe 
vacuum vary in step with the brake cy- 
linder pressure. Another newly developed 
valve assures the emergency features. 

The traction battery is charged from the 


200-V output of a motor generator set 
driven from the 750-V line; when it is 


required to provide traction power it is 
connected to the control gear and motors 
in place of the line supply by a contactor 
which is interlocked with the line switches 
to prevent both being closed at the same 
time. The van is therefore controlled in 
exactly the same way when powered by 
the battery as when powered from the line, 
but the performance is, of course, reduced. 
Selection of battery power is controlled by 
a push button in the cab, and reversion 
to line power may be obtained by oper- 
ating a similar push button or by opening 
the master switch. 

So long as the battery supply is selected, 
an indicator in each cab is illuminated 
and the collector shoes are pneumatically 
held clear of the conductor rail to allow 
exit from those unelectrified sidings which 
have no provision, such as a side 


: ramp, 
for leading the shoes back on to 


the con- 
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ductor rail. A state-of-charge meter is also 
fitted to give the driver adequate warning 
of battery exhaustion. The compressor and 
exhauster are supplied from the traction 
battery, or from its charging supply when 
on the line, but the control gear and light- 
ing are supplied from a 70-V source con- 
sisting of a generator driven by the same 
motor as the 200-V generator and a _ bat- 
tery of 42 Ah capacity. Both batteries are 
of the lead-acid type, although all the con- 
trol batteries on the multiple-unit sets are 
of the alkaline type. 


Operation. 


The first working of these M.L.V. cars 
started on June 15, 1959, on the Victoria- 
Dover Marine-Ostend boat trains, two 
round trips per day being made on that 
service. In this they were successful and 
at the beginning of 1960, with a view to 
making further tests under operating con- 
ditions, the 8.6 p.m. Cannon Street to 
Cannon Street parcels train was operated 
with one of the vans. The train runs 
down via the Dartford loop line, calling 
at the principal stations and shunting as 
necessary; on arrival at Dartford a van of 
mail, which has already been loaded and 
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is standing in the dock in readiness, is 
attached and the train returns to London 
via the Bexleyheath line, again calling at 
prearranged stations. Station staff and tra- 
velling inspectors reported enthusiastically. 
So far as the actual M.L.V. is concerned, 
this is loaded and unloaded en route and 
gives satisfaction. 

The E.E. 507 type motor, which develops 
a nominal 500 HP and is the same as that 
used on the Kent coast stock, stands up 
quite well to the work and is easily capable 
of hauling miscellaneous vehicles up to a 
tare of 100 tons. The fact that the van 
can operate away from the conductor rail 
for a period of 30 min by means of the 
storage batteries, is an essential and most 
useful feature. 

Later, in order to obtain still further 
experience, a similar trip was scheduled 
from Holborn Viaduct to Wrotham, at 
which station the railway handles a heavy 
flow of parcels consisting of books printed 
at a nearby printing works; on the return 
journey to Holborn Viaduct the train cal- 
led at Swanley for an extended period to 
load up plant traffic from the local nur- 
series. “These are examples of uses for the 
M.L.V.s when Continental business is at 
a low level. 


[ 656 .212 .4 (73) ] 


Skates replaced by automatic retarder. 


(Railway Age, September 5, 1960.) 


Bugeas Retarders of the new mechanical type 
at leaving ends of tracks in hump yards. 


are placed 
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A cut of five cars, weighing a total of 
337 tons, rolled down the hump of a era- 
vity yard, through the master retarder and 
onto one of the body tracks. As it neared 
the far end of the 3000-ft. track, and 
while moving at a speed of 7 m.p.h., the 
rims and flanges of the forward car were 
engaged by a device newly installed in the 
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The mechanical retarder under test was 
a prototype of a device developed by the 
Railroad Products Division of American 
Brake Shoe Company. As a result of ex- 
perience with the prototype it was decided 
that worth-while benefits would be realized 
if the retarders were installed throughout 
the yard. Consequently, one of the retar- 


Fig. 2. — Braking effect is 


track. The cut of cars quickly slowed and 
stopped with the trailing truck of the 
second car and the lead truck of the third 
car in the retarder. 

This movement was one of many tests 
made to determine the efficiency of an 
automatic, mechanical retarder developed 
for use in place of skates at the leaving 
ends of tracks in retarder yards. In 
another test the same cut of cars, moving 
at a speed of 9.1 m.p.h., was stopped 
with the trailing truck of the fourth car 
and the lead truck of the fifth car in the 
retarder. 


produced 


retarder rails are caused 
by spring action to bear against rims and flanges of car wheels. 


when 


ders was installed in each of the body 
tracks at a point about 300 ft. from the 
leaving end. 

The retarder, generally supplied in 39-ft. 
lengths, consists of spring-loaded rails which 
apply retarding force simultaneously to 
both the rim and the flange of each pair 
of wheels. It is provided in the form of 
units that are installed opposite each other 
in the track. Each unit consists of two 
retarder rails mounted on opposite sides 
of the running rail and connected by nine 
spring assemblies. 
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Derailment threat eliminated. 


When a car wheel enters a unit, the 
retarder rails are forced apart against spring 
pressure, providing a braking effect on 
the wheel. It is said that the retarding 
forces are applied to opposite faces of the 
wheel in such a way as to eliminate the 


STEEL WASHEP. 
¥.T. SPRING BOLT 


LEVER ARM CeTG 


RETARDER RAILS Se 
\ 
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with average loads moving at 7.5 to 
10 m.p.h. 

In making the retarder installation men- 
tioned above the railroad expected to re- 
alize a number of advantages. Similar 
installations on several other roads are 
producing estimated annual savings rang- 


ing from 30 to 60 % on the investment. 


(Block from Railway Signaling Communications for October 1960.) 


possibility of derailment. No. difficulty 
is said to be encountered in moving either 
the cars or the locomotive through the 
retarder when the track is being « pulled ». 

In bringing a moving car to a stop, the 
action of the retarder, it is explained, has 
the effect of absorbing the kinetic energy 
generated by the car. It is claimed the 
device will absorb this energy at the rate 
of 9000 ft.-lb. per foot of retarder length, 
or 350000 ft-lb. for a 39-ft. retarder. Ex- 
perience is said to have shown 
39-ft. mechanical retarder will 


that a 


stop cars 


These retarder installations are also ex- 
pected to result in operating benefits. Since 
the skates had been placed at varying 
distances from the clearance points — als 
most in a straight line across the yard — 
the railroad figures the capacity of the 
yard has been increased by six or seven 
cars per track. Further, the number of 
cars per cut is no longer a factor, and 
trimming, when not entirely eliminated, 
is speeded up because it is not necessary 
to remove and replace skates and release 
hand brakes. 


lec 


[ 656 .223 .2 ] 


Operational research and the allocation 
of goods wagons, 


by Dr.-Eng. Giuseppe Guo. 


(ngegneria Ferroviaria, No. 7/8, July-August 1960.) 


SUMMARY. — The problem of the allocation of goods wagoxs may be considered as one particular 
case of one of the best known methods of operational research, that of linear programmation. Amongst 
the possible practical solutions, taking into account the working requirements of the allocators, that which 
appears to be the most suitable is the tabular method of advantages, which has already been dealt with 
in the review, Ingegneria Ferroviaria, which in addition to the necessary conditions of simplicity and 
rapidity, has the advantage of making it easy to take into account the varied conditions under which allo- 
cation must be carried out. An examination of the method leads to positive conclusions regarding its 
applicability, which is conditioned solely by the establishment of a suitable scale for the empty wagon costs. 


The allocator is thus in possession of precise working rules enabling him to obtain, in each case, minimum 
costs for the allocation of wagons. In addition, thanks to the preliminary study required of local shunting 


costs, the method proposed will bring out certain aspects of the railway installations. 


1. Indeterminate factors in transport 
and the problem of allocation of 
stock. 


With all systems of transport, the cha- 
racteristics which define the elementary 
transport are its consistency (volume, weight, 
number of units, etc...) and the run, which 
in principle, is the shortest kilometric run. 


If these characteristics are known a priort, 
the transport is perfectly defined : under 
these conditions, the transporter responsible 
for carrying it out has only to arrange the 
necessary means along the predetermined 
route. This consideration always applies to 
railway transport of loaded stock, in which 
the criterion of the minimum run is some- 
times modified in favour of runs which 
though longer, allow of lower transport 
costs. 

But it does not apply to empty running, 
or rather to the movement of stock required 
for loading purposes. Passenger coaches 
as a general rule follow very complicated 
routings; they rarely have to make empty 
runs, and it is nearly always possible to 


make use of them to a greater or lesser 
extent. Even when this is not possible, the 
empty runs of coaches comply with the 
need for rapidly returning them to their 
previous departure station so that they can 
be used again. 

However, in the case of goods transport, 
there is always a proportion of wagons which 
cannot be used where they are (1) so that 
they have to be sent elsewhere to be loaded 
again, which is what is known as allocation 
of stock. 

What conditions have empty runs to meet 
to be determined ? Within the operating 
circumscription (regional or national) within 
which allocation must take place, there is 
always a group of m stations O; (consigning) 
which have available empty wagons of the 
category required, and another group of 
n stations D, (destination) which require 
these empty wagons. 


(1) Tariff conditions are very much against any 
attempt to obtain complete utilisation of empties 
for loading goods. This is however taken into ac- 
count in the concessions granting reduced tariffs. 
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The fundamental conditions of allocation 
are the following : in no matter what way it 
operates, each of the stations D; must get 
empty wagons in a quantity which does not 
exceed its actual requirements; each of the 
stations O; must forward wagons in a 
quantity not exceeding what it has actually 
available. 

If xj (20) represents the quantity of 
wagons sent from Oj; to Dj, the above con- 
ditions can be expressed analytically by the 
relations (of quantity) 


n 


Ly xi Say (1) 
m / 
x Nij < b; (2) 
1 


In the relations (1), there are inequalities 
when there is an excess of stock, i.e. when 
m n ; ; 
dy aj > Xj bj; in the relations (2), there 
1 1 
are inequalities when there is a shortage 


m n 
of stock, i.e. when Dj a; << x; b;. But as we 
1 1 


shall see, (1) and (2) can always be brought 
back to equations by introducing suitable 
new variables, 


The above relations, even in the most 
simple cases, do not allow of determining 
the «jj which are always greater in number 
than the equations; the problem is an 
indeterminate one (and usually extremely 
indeterminate). 

To solve it, it is therefore necessary to 
introduce other conditions which in most 
cases are based on the idea of making the 
cost of running empty wagons as low as 
possible (but it is also possible in certain 
cases to require minimum allocation times). 


2. The allocation of empty wagons on 
the Italian State Railways. 


Within each Region, the allocation of 
empty wagons is arranged each day by one 
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or several allocation zones. The Traffic 
Departments control the work of these zones, 
and in certain cases complete it. 


A special Central Office of the Traffic 
Department assures, for the railway as a 
whole, the allocation of wagons with special 
characteristics, and deals above all with 
remedying any unbalance that may occur, 
especially at certain times of the year, 
between the stock available and the re- 
quirements of each Region, in correlation 
with traffic fluctuations. 


Normally, therefore, there are local allo- 
cation circumscriptions and a_ national 
circumscription, within which the needs of 
the former are integrated. 


The appropriate regulations (2) lay down 
in every detail the duties of the allocators. 
Clause 24 first of all specifies the criteria for 
the exact determination of the needs of the 
stations; it then goes on to say : 


« The zones ... order those runs that are 
strictly necessary, taking care to reduce 
empty running to the minimum. » 


Such is the working rule, obviously 
inspired by considerations of economy in 
transport, which should reduce the indeter- 
mination of the problem : the allocator 
must act in such a way that the total wagon- 
km of the empty wagons available for allo- 
cation is the minimum. 


Using the previous notation, if dj; is the 
distance between QO; (station having empties) 
and Dj (station needing empties), clause 24 
states that the function : 


Ley — Ly di; Xij 3) 


must be minimum. 


An examination of conditions (1) and (2) 
and the new condition (3) shows that the 


acme ee ee 


(2) «Norme per il servizio ripartizione dei 
veicoli, copertoni, altri attrezzi e cartelli indicatori 
del perscorso delle carrosse » (Rules Sor the alloc- 
ation of vehicles, wagon sheets, other tackle and route 
plates of coaches), 1952 edition. 
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allocator has to solve each day a special case 
of linear programmation, already dealt with 
on several occasions in the present Review : 
this is the « transport » or Hitchcock pro- 
blem (3). 


The allocator however is not always able 
to find an exact solution to the problem he 
has to solve daily (allocation is as old a ne- 
cessity as the origins of railway transport, 
whilst the formulation of the Hitchcock 
problem is of recent date) : he takes care 
however to send the empty wagons to the 
stations closest to those with empties avail- 
able, and avoids in any case crossings of 
stock, in other words the superposition of 
runs in opposite directions. 


Thanks to these empirical criteria, and to 
the relative simplicity of the usual allocation 
plans, the practical solutions come very close 
to the theoretical solutions, and in fact often 
coincide with them. 


The problem is however worth going into 
today to see whether, in the light of new 
operational theories, it is possible to find 
some form of practical solution to it, after 
having formulated it in a more precise 
fashion bringing it nearer to the economic 
realities of the cost of transport. 


3. The problem of transport costs. 


It must first of all be pointed out that 
proportionality between the cost of transport 
and the real distances, as postulated in 
clause 24 of the « Rules for the Allocation 


(3) Dr. Int. A. Russo-Fratrast : « Sulla pro- 
grammazione «ottima » della distribuzione dei 
carri vuoti dai centri di concentramento ai centri 
utilizzatori » (On the « optimum » programmation of 
the distribution of empty wagons from centres where they 
are concentrated to centres using them), Ingegneria Fer- 
roviaria, No. 12, Dec. 1957. 

Dr. Ing. I. Aporisio : « Soluzione semplificata 
del problema di Hitchcock nella programmazione 
lineare » (Simplified solution of the Hitchcock problem 
in linear programmation), Ingegneria Ferroviaria, No. 10, 
Oct 1958. 

(3’) J. DE Lasara: The allocation of empty wagons 
by the application of operational research (/.R.C.A. 
Bulletin for June 1958). 
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Department » is only approximate (and 
sometimes very approximate). 


The cost of railway transport is made up 
of a great many factors (4), but as we shall 
see later on in the present investigation, it 
will be necessary to consider only those connected 
with the characteristics of the run, which vary 
with the run. 


The factors in question include terms 
depending (owing to the shunting) upon the 
departure station, the intermediate stations 
at which the wagon changes trains, and 
terms depending linearly on the virtual 
distances and not the real distances; the 
most important of these latter is the con- 
sumption of fuel and electricity. 


Other factors, such as the maintenance 
and repair of the rolling stock, are calculated 
according to the real distances. 


It is known that the virtual distances differ 
from the real distances because they are a 
function of the layout and profile of the line, 
and because on the other hand they vary 
with the direction in which this line is run 
over. 


To date, the allocators have not taken any 
of these circumstances into account. Nor 
have they been able to take into account the 
variation of the costs according to the system 
of traction used (electric, steam, diesel), nor 
of the fact that these costs may vary, with 
the same system of traction, from one section 
to another, and that they always vary 
(sometimes considerably) according to the 
direction in which the line is run over. 


Another important factor, which so far 
has not been taken into account in investig- 
ations into favourable allocation, is the 
shunting at an intermediate station, when the 
wagon changes trains; the cost of such 
shunting, according to the data available, 
should never be overlooked. 

Usually, in the case of the regional cir- 


cumscription, allocation takes place by 
making use of the available capacity of the 


(4) The factors which make up the total cost of 
transport number 25 according to the rules of the 
International Railway Union. 
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ordinary trains (especially the stopping 
pick-up trains) of which there are sufficient 
number for the average needs of each line. 


It is therefore necessary to know the 
cost of the virtual tonne-kilometre added to 
the trains. This information can be supplied 
by the Accountancy Department of the F.S. 
for each section of line; the same department 
knows the marginal costs in the case of 
transport of empty wagons by special com- 
plete trains (empty rakes) of 50 or 45 wagons. 


These two costs differ, because in the case 
of the special train, other factors also have 
to be taken into account. 


Shunting when changing from one train 
to another at an intermediate station also 
has well known marginal costs : this is 
182.75 Lire per wagon, taking into account 
merely the consumption of power, lubricants, 
and the maintenance of the locomotives. 


As the average tare of the wagons is 
9.87 t, the average cost of this shunting is 
therefore 19 Lire per ton. 


All these figures are obtained from che 
traffic averages of the last financial year and 
are brought up to date every year. 


With these costs, it would be possible to 
draw up a regional table, similar to the table 
of profiles, in which the cost of empty runs 
would replace the real distances. Such a 
table would however be far too big; it is 
preferable to recapitulate the costs for each 
of the sections forming the links in the 
regional lines, and then with the aid of these 
lists, draw up a scale covering the cost of the 
runs to and from the stations most often 
concerned in the matter of allocation, 
arranged in alphabetical order. 

It is advisable that the scale includes 
numerous services, as the easiness of the 
allocator’s work depends essentially on 
same, 


Imagining that we have got out the 
necessary lists of the costs of the runs, we 
will now examine whether amongst the 
different solutions found for the Hitchcock 
problem, there are any which, for greater 
simplicity and rapidity, can be reduced to 
a small number of easy which the allocator 
will be able to make good use of. 
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In this way the problem of allocation 
might obtain a better solution than that now 
adopted in practice, which is in substance, 
the approximate solution of a problem which in 
its turn has been stated according to the approximate 
consideration of the proportionality of the costs to 
the real distances. 


Before we continue, however, we want to 
make sure that even with the new more 
accurate formulation, the problem of allo- 
cation can still be considered as a transport 
or Hitchcock problem, and between what 
limits this applies. 


This assimilation is exact whenever in the 
function « cost » : 


fi he ie 
C= Ly cy xa ; 
we ey 


the coefficients cj; do not depend in any way 
upon x. In the contrary case, the problem 
would be of a different, more difficult type. 


The cost cj; must also include the cost of 
shunting in the departure and arrival sta- 
tions for coupling and uncoupling the 
wagon to the train. The shunting depends 
on the characteristics of the stations, the 
number and original arrangement of the 
wagons, but it would be extremely difficult to 
try and take these extremely varied cir- 
cumstances into account in a simple for- 
mula for ¢jj. So that, at least until we know 
the average cost of shunting a wagon in 
each station, it is necessary to use a constant 
average cost per wagon in the consigning 
stations (5): later on we shall see when 
studying the problem that it is possible to 
leave out this constant data, since it applies 
to all transport of empty wagons. 

The same observation applies to the cost 
of shunting at an intermediate station 
where the wagon has to change trains: this is 
taken into account for runs where such 
shunting is necessary. 


The other cost factors all relate to the 
wagon as a unit. It is therefore legitimate to 
SE nee h.) | | 


(5) Conventionally, a wagon is considered as 
having been shunted solely when it leaves from 
the station in which shunting took place. 
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admit the hypothesis of the constancy of Ci; 
at least in the same order of approximation as 
the figures supplied by the Central Ad- 
ministrative Department of the railway. 


Later on, we shall see how to take into 
account variations in the above coefficient 
when passing from allocation covering wa- 
gons added to ordinary trains to allocation 
involving the running of special trains to 
send on empty wagons. 


4. Characteristics of the transport pro- 
blem and conditions that must be 
fulfilled by any practical method of 


solving it. 


It is a question of finding practical forms of 
solution to the transport problem, i.e. finding 
the values x;; which make the function (3) 


minimum : 
a gen 
: a ie Sweeney ae 
at the same time as they satisfy the relations 


(conditions of quantity) already given (1) 


and (2) : 


ee Lag Cij Xij 


n 
se P 
Ly xij S Gj 


and the condition (of kind) : 
xy 0. 

In the above formulae : 

xjj is the number of wagons sent from station 
O; to station D;; 

cj is the unit cost (per ton) of doing this; 
a; is the number of wagons available at O;; 
b; is the number of wagons asked for by Dj. 

The characteristics of the problem are 
already well known; we will deal with them 
very briefly. 


It is known that the inequalities (1) and 
(2) can be changed into equations by 
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introducing the non-negative variables 
Xn for the inequality (1), and Xiym 41 
for (2), so that : 


ti 


Seed = 

Ly Xiy + Xn4149 = a 
| 

m 

ik hoy -, — 

yi Xig + Xiemal = bj : 
1 


We will therefore suppose that the rela- 
tions (1) and (2) are equations. Under this 
hypothesis, they are not independent, as if 
they are added together member by mem- 
ber, we get identity. 

It is therefore possible to leave out one 
(at least) of the equations (1) and (2) which 
will therefore be reduced to m+ n— 1 
independent equations. 


In the general theory of linear program- 
mation, we call basic solutions of equations 
(1) and (2), those obtained by supposing 
that amongst the mn variables, Xj (m-—+ n 
— |) differ from zero and the others do not. 


Obviously, the basic solutions are equal 
in number to the combinations of mn 
factors (m + n—1) to (n-+n—1); they 
are therefore numerous, even for relatively 
low values of m and n. 


The most important result of this theory 
is this : the function « cost » has its mini- 
mum value precisely when it corresponds 
with a so-called optimum basic solution. 


This being stated, what conditions must 
be met by a form of solution to the Hitchcock 
problem if it is to be adopted in the current 
practice of the railway ? 


In the case of the problem with which we 
are dealing, it is necessary to take the fol- 
lowing circumstances into account : 


Knowing —- generally late in the evening 
— the demands for empty wagons from the 
stations and the wagons available at the 
stations, each allocator first of all must 
make a precise analysis of both the demands 
for wagons and the wagons available, ac- 
cording to criteria dictated by his profes- 
sional and local experience : this is a very 
important preliminary task which if it is to 
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be well done requires great assiduity and 
much abnegation. 


He then proceeds to the formulation of the 
allocation programmes, a separate program- 
me for each kind of wagon, and the trans- 
mission of the corresponding orders to the 
stations. This second part of the work takes 
a varying period of time according to the 
case, but is always brief; it sometimes only 
takes a few minutes. If it took longer it 
would make it more difficult for the stations 
to select and send off the empty wagons in 
good time. 


Consequently, to be adopted as current 
railway practice, any method of solving 
rationally the problem of allocation at the 
minimum cost must meet the following 
conditions : 


1) it must not involve any analytical 
calculations, but merely simple, brief arith- 
metical counts; 


2) it must be adaptable to all circumstances 
which arise in railway practice, and allow of 
them being taken into account without com- 
plicating the solution of the problem. 


* * 


The best known analytical method for 
solving the general problem of linear pro- 
grammation (for transport in particular) is 
that of the «simplexus » in which a pre- 
determined basic solution is the starting 
point, and after lengthy calculations and the 
establishment of successive tables (simplexus 
tables) the optimum solution is deduced. 


It is true that the general method, in the 
case of the transport problem, receives im- 
portant simplifications, but even the sim- 
plest algorithms used in this case, the 
« computational procedure » of Dantzig or 
the tower method, are not simple in con- 
ception, nor rapid enough in use to be 
suitable for current railway practice. 


Naturally, we will exclude the use of 
electronic calculators, the cost of which 


would not be made good by the possible 
savings. 


For the transport problem, a tabular 
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method (®) has recently been reported, 
known as the « advantages » method. 


We will give hereafter the analytical bases 
of this method in order to illustrate accurately 
its nature and possibilities. 


5. Method of elementary advantages. 


We have seen that in the general transport 
problem, the equations of conditions are 
divided into two completely similar groups. 


Two equations of the first group, for 
example the ith and the jth and two equa- 
tions of the second, the pth and the qth 
contain four common factors, namely : 


Xip; jp; 


Nig; Xjq- 


For example, the two first equations of 
each group have the four elements in com- 
mon : 

X11 5° %12 5 
213 *22. 


Consequently, we can always return to 
this case, as under the present considerations, 
it is of no importance if we change the order 
of the equations of connection given, 


We will now ask ourselves the question : 
is it possible to vary the 4 factors in ques- 
tion (7) in a fashion compatible with the 
equations of connection in such a Way as to 
obtain a function of lower value? What 
should the variations be ? 


Let us call the variations of x : Ax. It will 
at once be apparent that the values of Ax 
must satisfy the equations : 


Ax}, + Ax}? i > Ax14 + Ax>1 =), 3 
Ax> oo Ax? —— 1,0 3 Ax1> oe Ax = 0 ; 


which derive immediately from the equations 


eee nena tic LS 


(6) Ingegneria Ferroviaria, No. 10, Oct. 1958, art. 
cit. 


(7) Variations with a lesser number of varying 
factors are obviously not possible, 
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of condition. If we designate by — « the 
variations of x;; in other words Ax;; we get : 


Axy1 Ax} a Us 


> 
; Ax 


Sat eS 


Axa) == a — —— &.. 


Consequently, the 4 variables considered, 
become, the variation terminated : 


Hyy— XS xX2+ a; 


x21 + a3 X92. &. 


The quantity « appears to be transported, 
in the table of the solution considered, from 
the space corresponding to x;; to the space 
below corresponding to x2;; at the same time, 
an identical displacement, but in the inverse 
sense, takes place from x22 to x12. 


All the other variables remain unchanged. 


The cost of the initial solution, for the part 
covered by the four variables selected was : 
€ = eit 11 1 612 *12 + €21 *21 + ¢22 *22- 


Its variation is : 


Ac = — (¢41 — ¢12 — ¢21 + 622) & 
in which « can always be taken as positive. 


We want the cost to diminish; for this 
purpose it is necessary that : 


(¢14 — ¢21) + (c22 —e12) > O. 


The difference c,; — cz, is the elementary 
advantage obtained when the unit of trans- 
port instead of following the route from the 
start O, to the destination D,, goes from O2 
to D,;. Going back to the table (fig. 1) 
representing the solution, and making use of 
an inappropriate, but expressive term, we 
get this variation when the unit of transport 
is taken from x,;; and added to x2; and 
descends from space (1,1) to space (2,1). 


The difference c22—c¢,2 has a similar 
significance in the passage in the inverse 
direction from space (2,2) to space (1,2). 

The variation considered is suitable if the 
algebraic sum of the corresponding ad- 
vantages to the two opposite vertical 
displacements : 


(¢14 —€21) + (C22 — €12) 
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is positive. A possible advantage along one 
of the two simultaneous displacements may 
be compensated by a greater advantage 
(in absolute value) according to another 
displacement. 

Is it only possible to have displacements in 
the vertical direction, along the columns of 
the table of solutions ? The condition found: 


(C11 — €21) + (¢22 —c12) > 0 
can also be written : 
(¢13 — 612) + (¢22 — 621) > 0. 


It is evident that the first term is the 
advantage in the displacement (horizontally) 
from space (1,1) to space (1,2). 

(1,1 ) oa ae 


ae 


R25, 
+ « 
The second term gives the advantage in 


the horizontal displacement in the inverse 


sense from (22) to (21) 


Under these conditions, the total dis- 
placement takes the form : 


—o + « 
(1,1) a (1,2) 
(2,1) — (2,2). 
+o 8 


It is permissible to suppose that the 
starting factors of the displacement, in 
other words those from which the quantity « 
is removed, are always x1, and x22, whether 
the displacement be effected horizontally or 
vertically. 


These are therefore two factors of the 
solution belonging to different lines and columns 
in the table representing the said solution. 


This is the veritable characteristic of the 
method : the consideration of the possible 
and suitable variations common to two 
values forming a diagonal pair whose indices, 
we repeat, belong to different lines and 
columns. 
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Generally, only vertical displacements in 
the table of solutions are considered; but 
it may at times be more convenient to 
consider horizontal displacements, i.e. vari- 
ations in supplies to destination stations and 
not at consigning stations. The two aspects 
of the investigation are absolutely equivalent. 


Bi onmils 


We have supposed that the same quantity 
« is taken from the two factors x1, and x2. 
As generally we start from a solution (non- 
optimum) with an excessive number of 
variables, the investigation to find the 
optimum solution means cancelling out one 
or several factors of the starting solution. 
« will therefore be taken as equal to the 
smaller of the two values x, and Koa. If x 
= %*11, we go from the form : 


to the following one 


in which one of the factors has been made nil 
and the others are : 


Ul 


ao = oy xy 5 


I 


WDD = WOR a Ny aS 
*'12 = x12 + xy, . 


We can therefore enunciate the following 
criterion for the systematic investigation into 
possible variations (which we will call of the 


first order) to be made between the pairs of 


values of a given solution in order to find 
another of lower cost. 
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A value of the first line is considered and 
is associated one after the other with all the 
other values in the different lines and co- 
lumns. 


To the pairs (diagonals) formed in this way, 
the rule of advantages is applied by displac- 
ing in the vertical (or horizontal) direction, 
as we showed above, the smaller of the two 
factors forming the pair, if this meets the 
position. If these operations result in values 
in the first line which are not nil, it has to be 
repeated with all the possible pairs, as we 
have already said above. 


We then go on to the values of the second 
line, which must be associated solely with 
those of the following lines (third, fourth and 
so on...) since the associations with the 
values of the first line have already been 
made. 


The operation is repeated for the values of 
the third line, which have to be associated 
with those of the fourth, fifth and so on, 
until we get to the values of the line before 
the last, which can only be associated with 
those of the final line. 


Fig. 2, 


For example, if we consider the table of 
figure 2, which represents the allocation 
diagram for wagons from centres O;, On, 
O3, O4 towards the stations D;, D2, D3, Da, 
in order to endeavour to find a more econo- 
mical solution that the one given, the follow- 
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ing pairs of values should be considered 
above all : 


— for the factors of the first line : 


(%11, ¥22)3 (%11, 24) (*115 %33)3 (x11, %42)5 
(*11, x44); (%13, ¥22)3 (x13, *24)3 (*13, ¥31)3 
(%13, 42); (x13, X44); 


— for the factors of the second line : 


(x22, *31)3 (x22, ¥33); (x22, x44) 3 
(x24, %31)3 (24, *33)3 (x24, x42); 


— for the factors of the line before the last : 
(%31, 42); (x31, *44); (33, x42); (x33, x44). 


If during the investigation, new factors 
are found, all the possible pairs for these 
must be reconsidered. 


The evaluations of the differences between 
the costs, which are at the most three figure 
numbers, can easily be done in each case, 
during the investigation, without it being 
necessary to evaluate them at the beginning 
and indicate them in the table representing 
the allocation by means of arrows which 
makes it more difficult to read. 


6. The multiple diagonal groups. 


It is not sufficient, however, merely to 
consider the diagonal pairs to exhaust all 
the possible variations of the values of a 
solution in order to find the optimum solu- 
tion. 


There are more complex displacements 
covering more than two values in different 
lines and columns. We will show the origins 
of these and give the rules for systematically 
finding them. 


To start with let us consider the factors 
common to the equations of row r, 5, t, of the 
first group (1) and row uy, v, z of the second 
group (2.) 

We can always take it without prejudice 
that ¢ =u = 1,5 0 =2,¢f=—z=—3. The 
nine factors are therefore those of the first 
three lines and first three columns of the 
table in figure 3. 
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If the x of this group of nine values vary 
simultaneously, and the other values remain 
unchanged, the variations of the former 
should satisfy the equations : 


3 


: é) 
Axiy =a) 5 24 Axiy A Wi 


There are 6 homogeneous non-independent 
equations between 9 unknown factors. 


Four of these unknowns can be fixed 
arbitrarily, for example Ax,;, Ax22, Ax33, 
Ax12, and all the other values Ax be expressed 
as a function of the 4 former ones. We get : 


Ax13=— Ax, — Ax ; 

Axo3=  Axyy + Axy2— Axg; 5 

Axgy =— Ax, — Axy2 — Axz2 + Ax33 ; 
Ax31 = Ax12 - Ax22 — Ax; 5 


Ax39 = — Axia— Ax22 
Figure 4 shows the table of values after 
variation. 


The increases in each variation can be 
considered separately and in succession. 
We can thus eliminate increases which form 
variations of diagonal pairs, which are : 
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X11 | %13 
Axiy in: ; 

X21 | *23 

X21 | *22 
Axo in; 3 

X31 | *32 

*21 | *23 
Ax33 rol -f 

N31 | 433 


By eliminating these variants of the type 
already considered, we get the table of 
figure 5. 


This shows a variation of a new type 
(which we will call of the second order) in 
which Ax;2 is taken from three factors 
(*21 5 ¥32 , x13) in different lines and columns, 


Cy3 ) 


O; %X12* X42 | %g-AXy-AXj2 
| | = 

G C 

0 Xp AX + “22 |) 

*| AX -AXpp +AX9 X22 *A X52 bzrAXy tad pis 

C2, | C29) 

05 169-9 X39-AX}p ~A%p %39°AX33 

ah —_ — bospeaiiass 


+ — — — 


Fig, 4 


and added, in compensation, to three factors 


(*31, %12, 23) also in different lines and 
columns. 


We call these terns diagonal terns because 
with the appropriate displacement of the 
indices of the lines and columns, we can 
always suppose that their factors are arrang- 
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ed along a diagonal (as for example xj; , 
*22  *33). 

The particular form found for the possible 
variations depends on the choice of the para- 
meters Ax;; , Ax22 , Ax33 by means of which 
all the other variations were expressed; by 
changing the parameters, other configur- 


ations would be found. It will be seen that 
the variation (multiple) has as its origin a 
factor (x2;) of the second line, and ends 
with another factor (x23) of the same line. 
This is suitable if the corresponding varia- 
tion of the function « costs » : 


Nes 


(— ¢21 oi is | 


€31 — €32 + C12 — €13 + 623) Axyo 


is negative, 
We can always suppose that : 
Ax}. > 0 
so that the variation is suitable if : 
(C21 —¢31) + (¢32 —c12) + (c13 — ep3) > 0. 


The first member is the algebraic sum of 
the three advantages corresponding to the 
three vertical displacements forming the ter- 
nary displacement. 


It is advisable to stop with the results 
obtained as regards the form of the probable 
variations of a group of nine factors (deter- 
mined by three different lines and columns) 
of a table of solutions, 


We have found a particular variation, 
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composed of three binary variants and one 
ternary variant of the type indicated. 


But if we had adopted other variables as 
parameters for solving the system of homo- 
geneous equations of the variations, we 
would have found other expressions for the 
variations of the nine values of x;j considered. 


For example, by adopting Ax;;, Ax;>, 
Ax2, , Ax22 , we would only find the binary 
and no longer the ternary variations. All 
these results are equivalent as solutions of 
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in the latter, the advantage is : 


(1 — ¢31), +r (633 —¢32) ++ (c22— C12); 
different, in general, from the former. 

This is why it is necessary to consider the 
two combinations so that the investigation 


into the suitability of the possible ternary 
variants is complete. 


It could be supposed that the ternary 
variant had its origin in x22 or x33 rather 
than in x;;. The expression of the total 


Fig. 6. 


the system of homogeneous equations, but 
they are in no way equivalent as regards the 
cost of transport. 

Consequently, when we have a diagonal 
group of three tern values in an allocation 
diagram, it is necessary to evaluate all the 
ternary combinations of the corresponding 
coefficients of cost. 

Les us consider, for example, in figure 6, 
the diagonal tern (x1; , *22, *33) of which 
we have previously spoken. 

In how many different ways can we 
trace, starting from x,; , a multiple ternary 
displacement involving the two other fac- 
tors x22 and x33 and terminating at the first 
line on which is x1, ? 

Obviously in two ways, shown in figures 7 
and 8. 

In the former, the total advantage is : 


(cry — C21) + (c22 — 32) + (¢33 — ¢13): 


4 


Fig 7 


Fig. 8 


advantages is identical with that already 
found. 


Referring to the diagram of figure 2, we 
should, in investigating the possible advan- 
tageous variants, consider : 

a) the diagonal tern starting from ¥%11 , 

which are : 
(x11, 22, ¥33)3 (X115 ¥22, %44)5 (115 %44, 33) 5 
(*11, ¥14, ¥42)3 (x11, 33, ¥42)5 (*11, *33, %44) 5 
i.e. 6 possible terns and 12 runs; 

b) the terns starting from x13 : 


(x13, X22, ¥31)3 (13, 22, *44)3 (%13, %44, *31)5 
(x13, %44, 42)3 (*13, ¥315 ¥42)3 (%13, *31, ¥44)5 
again 6 terns and 12 runs; 

c) those which start at x22 (second line) 
with factors from the 3rd and 4th lines : 
(x22, %31, *33)3 (¥22, ¥31, *44) 

which gives 4 runs; 
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d) and finally those starting at x24: 


(x24, ¥31, %42)3 (¥24, ¥33, 42) 


with 4 other runs. 


In all, we have 12 + 12 + 44 4 = 32 
possible ternary combinations in a fairly 
simple allocation diagram. 


Having determined in some way an ad- 
vantageous variation affecting, for example, 
the three factors (in diagonal) x24, x31, 
x42, the corresponding variation will be 
made taking the smallest as the term to be 
substracted. 


Having made the variation, one (at least) 
of the three factors will be cancelled out. 


* OK 


By means of an investigation similar to 
that made for the ternary groups, we can 
find the variations (compatible with the 
equations of condition) of four diagonal fac- 
tors, in other words situated in 4 different 
lines and columns of the allocation table 
(which we will call of the third order). 


In the diagram of figure 2, these are the 
groups : 


(11, %22, %33, *44)3 (4135 ¥o25 31, x44)3 


(11, ¥24, 31 %42); (13, X24, x31 X42). 


The variations should have their origin in 
any one (for example the first) of the factors 
of the group. For each group there are 
therefore as many variants as there are 
permutations of the three factors, i.e. 6. 


For example, the factors of the quarte 
(11 5 ¥22 5 *33 , x44) can vary in the manner 
shown in figure 9, 


For each of these variants, the sum of the 
relative advantages with different displace- 
ments along the vertical must be calculated: 
if the sum is positive, the displacement is 
suitable, 


For example, the 3rd form corresponds to 
the total advantage : 


(C11 — ¢31) + (¢33 — e93) 
+ (22 — ¢a2) + (644 — 044) 
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which, if it is positive, makes the corres- 
ponding quaternary displacement suitable. 


An identical investigation must be carried 
out for the relative configurations of the 
other diagonal groups of 4 factors. In all, 
there are 4 x 6 = 24 configurations of this 
type to be examined. 


When starting from a given initial alloca- 
tion, and first of all making binary, then 
ternary, then quaternary, etc. displacements, 
the configuration generally varies progres- 
sively, and it is not possible to establish a 
priort how many possible displacements will 
have to be examined. 


In any case, it is instructive to make a 
count of these groupings, even under the 
hypothesis that the starting configuration 
will remain unchanged during the operation. 
In the diagram of figure 2, it is necessary, 
with this hypothesis, to examine : 


— 20 simple binary groupings; 
— 32 ternary groupings; 
— 24 quaternary groupings. 


Consequently, an investigation into all the 
possible advantages may involve the examin- 
ation of 76 different groupings of the values 
of the starting solution. Moreover, it must 
not be forgotten that ifa binary displacement 
involves the evaluation of the sum of 2 dif- 
ferences (as an expression of the displace- 
ment itself) a ternary displacement involves 
the examination of the sum of 3 differences, 
a quaternary displacement the sum of 4 dif- 
ferences, etc. If, on the other hand, the 
initial configuration of the allocation varies 
during the investigation, for each variant it 
will be necessary to re-examine the new 
groupings, 

From this, it will be appreciated how the 
number of possible combinations of costs to 
be examined will increase as the dimensions 
of the allocation table increase, in other 
words as the number of stations examined 
increases, both consigning and destination 
Stations for empty wagons. We end up with 
such high numbers, and such complicated 
combinations that it would be useless to 
pretend that any railway operator could 
examine them all : it would involve lengthy 
and patient research work, 
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‘These considerations show the limitations 
of the method dealt with, which as a 
research method is not as good as the 
« simplexus » method or the other analytical 
methods suggested. 
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In practice, however, at least in railway 
practice, the conclusions are quite different. 
Experience has shown that provided pre- 
liminary simplifying considerations are 1n- 
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troduced, about which we shall speak later, 
it is always possible to arrange things in 
such a way that the allocation diagrams 
only have an acceptable number of lines 
and columns, in other words, the indeter- 


X41- OC +H 
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minate factors of the problem do not cover 
a large number of stations. In this way, the 
maximum order of the diagonal groups of 
values of the starting solution to be taken 
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into account is not high. In addition, in 
such simplified tables, the optimum solution 
is reached, in general, only by considering 
binary combinations or of the first order; 
once these have been exhausted, it is rarely 
necessary to have to make use of those of a 
higher order. 

The reason for this is as follows : after 
examining all the possible binary combina- 
tions, and carrying out the corresponding 
advantageous displacements, the probability 
of finding anything suitable in a multiple 
displacement of a higher order is remote, and 
becomes the more remote as the order of the 
multiple displacement increases (ternary, 


Fig. 10. 


quaternary, etc.) In practice, it is rare to 
find an advantageous ternary combination, 
and extremely rare to find a combination of 
a higher order, in other words covering 4 or 
more diagonal factors of the allocation 
table (this, naturally, after making use of the 
binary and ternary associations). 

To stress these facts, let us consider in 
figure 10 an allocation diagram covering 3 
consigning stations (A. B, C) and 3 desti- 
nation stations (X, Y, ale 

We have shown in each case the cost of the 
consigning. If we take it that we must start 
with an initial allocation in which all the 
spaces are occupied, in other words in 
which each consigning station takes part in 
sending wagons to the destination stations 
(and such an allocation could not be at 
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minimum cost), it can easily be seen that 
there is at least one diagonal group of values 
xij n which a ternary displacement could 
be made to obtain allocation at lower cost. 


But when to begin with all the possible 
binary displacements due to the consider- 
ation of the diagonal pairs have been carried 
out, the allocation arrived at will no longer 
be identical with that with which we started: 
certain factors will have become nil, and 
there cannot be 4 adjoining spaces with 
values of xj; all different from zero. 


Its form will therefore be of the type 
indicated in figure 11. 


Fig. 11. 


This cannot be of minimum cost, because 
it includes 6 values which are not nil, 
instead of 5 (= 3+ 3 — 1). This means 
that there must be at least one suitable 
ternary displacement: _ this concerns, for 
example, the diagonal group (X11. ¥225 X33), 
which leads to a new form of minimum cost. 
But for this to be the case with the ternary 
group in question, no binary displacement 
affecting the values of this group must be 
Suitable, in other words there must be the 
following three inequalities, which show the 
unsuitability of the binary displacements : 


(C21 — ¢11) + (12 —¢22) < 0; 
(31 —¢11) + (13 — 033) < 0; 
(632 — ¢22) + (c23 — 33) <0; 

and at the same time one of the two following 
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inequalities, of opposite sign to the former, 
which shows the suitability of a ternary 
displacement in the group (x11, %22. 33) 


(621 — ¢11) + (¢€32 — ¢22) + (¢13 —c33) > 0, 
or else : 


(¢31 — 41) + (€23 — €33) + (c12 — 22) > 0. 


These conditions are facts which have a 
probability below unity; consequently, the 
probability of the resulting fact (i.e. a suit- 
able ternary displacement after all the 
binary displacements) is very small. This 
means that another consignment (at least) 
x;j of the preceding table is cancelled, in 
most cases, after carrying out all the possible 
binary displacements. 

Even more numerous are the conditions 
that have to be checked before finding, in an 
allocation diagram of bigger dimensions 
than the preceding one, a quaternary 
displacement which is suitable, after ex- 
hausting all the binary and ternary dis- 
placements to be considered : the pro- 
bability of such a displacement being suit- 
able is so small that it can be considered as 
practically nil. In substance, if it is desired to 
find in an allocation diagram a diagonal 
group of 4 values which can still have a 
suitable displacement, after exhausting all 
the possible binary and ternary combina- 
tions, the cost figures must be adapted to 
this end. 

During several months of experiments 
carried out on the allocation plans of the 
Naples Region, on only a few occasions did 
we find an admissible ternary displacement, 
after having exhausted the whole range of 
binary combinations, and we never found 
any suitable displacements in the groups of 
a higher order. 

Consequently, the method suggested, 
which in theory may call for numerous re- 
servations, is very effective in practice, and 
can be adopted with the certainty of nearly 
always reaching its objective (i.e. allocation 
at minimum cost) merely by an examination 
of the binary combinations, which is very 
convenient because this only involves estim- 
ating differences between numbers having 
at the most 3 figures. 

In a very short time, one becomes so 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 209 


expert in carrying out this examination, 
that it can be done very rapidly. 

The ternary combinations in themselves 
are not difficult to examine if the operator is 
sufficiently experienced; in any case, this 
has to be done in particular when the allo- 
cation obtained with displacements of the 
first order is manifestly not of minimum cost 
owing to the excessive number of values 
which are not nil and when there are con- 
signments in the spaces of insufficiently low 
costs. 

It must also be stated that, to facilitate 
such investigations the choice of the initial 
allocation is of great importance, and it must 
always be close to that having the minimum 
cost. 

In practice it is possible to adopt an allo- 
cation obtained according to the criterion 
now followed by the allocators, i.e. minimum 
empty runs; a still better allocation is that 
obtained by endeavouring to fill the spaces 
with the lowest costs. 

Consequently, the method suggested is, in 
current practice, the most natural way of 
solving the transport problem. If an attempt 
is made to use it for solving one of the nume- 
rous examples given as model solutions with 
other analytical methods by investigators 
who have dealt with this problem, it will be 
seen that the results obtained by these latter 
after lengthy calculations can be attained by 
a few trials and nearly always merely by 
examining the binary combinations alone. 

To advise the use of analytical methods in 
dealing with the transport problem is like 
asking a gardener to draw out an ellipse 
through points on the ground by using the 
cartesienne equation, instead of taking two 
pegs and a sufficiently long length of string. 

Further on, we will show that the tabular 
method of elementary advantages is so 
flexible, so easy to adapt to all conditions 
in practice (by making it easy to obtain allo- 
cation under minimum conditions) that in 
this respect it is far superior to analytical 
methods. 


7. The simplified criteria of the trans- 
port problem in railway practice. 


These criteria, which make investigation 
of allocation at minimum cost more easy, 
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result immediately and simply from the 
equations of condition and of cost of the 
problem, which we will transcribe here : 


n : 
Ly xg = a3 (1) 
1 

m \ 
DIF; y= by; (2) 
1 

(@y== Lay Cij Xiz (minimum), (3) 


a) Criterion of the proportionality of the costs. 


A first criterion, in verity more theoretical 
than practical, derives from the fact that if 
all the costs cjj vary according to a constant 
factor k, in other words if each cij becomes 
keyg, the new function cost C’ allows the 
same minimum point as the primitive func- 
tion C (because C’ = ke), 


Therefore, if the costs were proportional 
to the real distances between the stations, 
we could allow precisely as costs the real 
distances. But there is no such proportional- 
ity, and the costs vary rather according to 
the virtual distances. These latter cannot be 
taken as costs, because the shunting done by 
the wagons in the stations, either on depart- 
ure or during the run, falsify this proportion- 
ality, and because this coefficient of propor- 
tionality varies according to the direction 
of running on the line. 


b) Criterion of the increase in the costs. 


This is due to the following observation, 
similar to that made under point a) above, 
if all the costs cij Increase by a constant 
factor k, the new function cost is : 

(ey —— Lay (cy + k) Xa C+ kM 
in which M represents the total number of 
empty wagons to be allocated (and accepted) 
It is obvious that the minimum of C’ lies at 
the same point as that of C. 


This observation enables us to leave out 
in calculating the costs all increases which 
do not vary with the modalities of the allo- 
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cation, in other words with the run made by 
the wagon. It is even possible to leave out 
the cost of shunting at the departure station 
if this is taken as being the same for all the 
wagons. If on the contrary, this cost varies 
from one station to another (as would be the 
case if the investigation were carried further), 
its values in the different stations must be 
taken into account. 


In evaluating the costs, we should only 
consider increases essential to the purpose of 
the problem so as to limit ourselves to low 
figures, with which it is easier to appreciate 
the differences immediately. 


c) Criterion of superimposed consignments. 


We called those consignments superim- 
posed which follow the same route over a 
certain section at the beginning or end of a 
run. In this case, their costs will differ by the 
quantity (k) relating to the part of the run 
which they do not make in common, and if 
this circumstance is verified for all the pos- 
sible runs from (or to) a station compared 
with those from another station. we Scus 


— in the case of two consigning stations 
Ay, iAs: 


Cri = Csi + k; 
— in the case of two destination stations : 
Cjr a Cis = k. 


The costs of two lines of the allocation 
table, in the first case, and two columns, in 
the second case, differ by the constant 
quantity &. 

Let us consider the first case and see the 
resulting consequences for the expression of 
the function cost 

fe 
Cc = xij Ciy NXij 5 
J diecast 


In the summation, the terms correspond- 

ing to the line of row r are given by the sum 
n 

i a ee = i : 

4p = airy Crj Xpj an as Cri = C34 = k, this 
1 


sum becomes : 
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n n 
C+ => = (sy + k) +5 = xj Csj Xrj + k ar 
1 


in which a, is the number available from 
station A,. 


If we observe that the terms of the 


n 
line of row s are given by Cs; = ¥; Csi Xsj 
1 


and if we add this expression to the pre- 
ceding one, we see that the function 
« costs » consist of two increases : 


— aconstant increase (k a,) which has no 
influence on the determination of the mini- 
mum; 


—a_ residual increase in which the 
terms corresponding to the two stations 
A, and As are combined in a single term 


n 
Xj ¢sj (Xrj + Xsj), which can be considered 
1 


as relating to a hypothetical station A with 
the same costs as As and as variable of the 
consigning x;j, the sum x;j + xs; of those 
corresponding to the two separate stations 
A, and As. In other words, it is lawful to 
suppose, with the sole object of finding the 
minimum cost, that the station A; is one 
with A, (or vice-versa) and its available 
numbers can be added to those of this latter. 


The function cost, consequently, does not 
depend separately on the variables x;; and 
%sj but on their sum xrj + X37; We can 
therefore suppose that wagons are consigned 
indifferently from one or other station, 
within the limits, naturally, of their actual 
available numbers. 


Similar conclusions are arrived at in the 
second case of the two destination stations 
D, and Dy, for which the costs on arrival 
differ by a constant quantity. They can be 
considered, always from the point of view 
of the problem with which we are dealing, as 
combined into a single station (one or the 
other) having requirements equal to the sum 
of their individual requirements. 


From these results, we get a consideration 
that is of importance in railway practice. 
If a consigning station A can only take part 
in the allocation through the intermediary 
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of the consigning station B, and if all the 
consigning itineraries starting from A under- 
go the same process at B as regards shunting 
(there must not in consequence be one 
itinerary involving shunting and one which 
does not), the allocator can take it 
that he needs only consider station B from 
the point of view of investigating the mini- 
mum with numbers available equal to the 
sum of those available at A and B. 


A similar simplification can be made in 
the case of a destination station A which can 
be supplied solely through the intermediary 
of station B. 


A 


Fig. 12. 


And the problem (fig. 12) of allocation on 
a section of line A-B ending at a junction 
station B can be considered by itself, 
i.e. separately from that of the whole 
of the other stations C-D-B-E-G-H-F, 
etc. provided that at B all the itineraries 
starting from or ending at the stations in this 
section do not differ from the point of view 
of the shunting involved. 


The allocator can also apply the algorithm 
of elementary advantages on a table having 
compared with the original table a smaller 
number of lines and columns; the interest of 
this can be seen in connection with the 
rapidity with which the optimum allocation 
at minimum cost can be calculated. 


8. Special conditions when allocating 
empty stock. 


Numerous circumstances may arise and 
affect the daily task of the allocator. ‘The 
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allocation of empty stock cannot always 
take place with an uniform character, as may 
be the case for consignments of goods from 
the centres of production, but the tabular 
method makes it easy to take into account 
all the aspects and conditions under which 
this allocation must take place. 


We will list the most characteristic situ- 
ations and mention briefly the rules for 
solving the problem in these different cases. 


1) Surplus wagons. 


In this case, the equations of condition (1) 
are inequalities, and we have stated that they 
can be restored to equalities by introducing 
new positive or zero variables Xn+1sf- 


In working with the method studied, this 
way of working amounts to adding to the 
allocation table a column « S » (this being 
the initial letter of « slack », a term by 
which American authors designate inactive 
variables) in which are listed the quantities 
of wagons remaining unused, owing to 
surplus stock, in stations where empties 
are available. To apply the method being 
studied, the costs to be entered in the spaces 
of column « § » are all equal to zero, be- 
cause they refer to wagons that are not 
being moved. As far as the rest goes, column 
«S » must be considered as representing a 
hypothetical station (destination) for the 
immobilised stock, 


2) Shortage of wagons. 


In this case, the equations (2) are ine- 
qualities, and they can be changed into 
equalities by introducing new positive 
variables x1,.4, in an altogether similar 
fashion to that of paragraph (1) above, 


This amounts to adding to the table of 


consignments a_ line corresponding to a 
hypothetical station J with insufficient or 
short stock : this station proceeds with the 
allocation of the missing wagons (this is not 
a joke ) so that the allocation of those wa- 
gons that really exist can be done with the 
minimum cost, 


The corresponding costs for consignments 
from 7 station are all Zero. 


However, the method in question is not 
always acceptable in railway practice, 
because it leads to supplying preferably 
those stations closest to those with wagons to 
spare. Such a method of working may suit 
the railway, but will lead to protests from 
clients at many stations who are constantly 
neglected from the point of view of alloca- 
tion and thereby seriously deprived of a 
chance to load their goods. Therefore, it is 
necessary first of all (with the assistance of 
a factor of proportionality or following some 
other criteria) to reduce all the demands so 
as to make the needs agree with the real 
number of wagons available, and then pro- 
ceed in the usual way. 


3) Obligatory services. 


It may happen that lacking a suitable 
train, imperious loading requirements or 
other reasons make it necessary to meet, 
wholly or partly, the empty wagon require- 
ments of a given station D, from a consign- 
ing station O,. Analytically, this amounts 
to fixing in advance, in the equations of 
conditions (1) and (2) and in the function 
cost C, the service variable Neg 


The tabular method for finding the most 
economical allocation retains its full validity 
when the condition indicated is respected. 
The result is that Starting from a given 
initial allocation (8), during the course of the 
investigation, all compensating movements 
between the consignment figures that may 
be shown in the line of row r and those in 
the column of row s are forbidden, because 
these would cause a variation in the pre- 
determined value of Kre 


We then obtain an allocation of minimum 
cost which is not absolute but relative, and 
the imposed condition is usually detrimental. 
This consideration shows that such a con- 


rr icittepeeeetieedoe 


(8) Such an allocation may be obtained, for 
example, with the rule that theorists call « the 
north-west corner rule». But it is preferable to 
adopt an initial allocation with which those spaces 
are occupied to the greatest extent possible for 
which the costs are lowest in the allocation table, 
so as to have an allocation as close as possible to 
the minimum cost. 
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dition, and all others of a different nature in 
the transport problem, must be avoided as 
much as possible. 


Clearance conditions at a 


4) Prohibited services. 
Station. 


It is a question of avoiding a consigning 
station O; sending empty wagons to station 
Ds. Such a necessity may be due to the lack 
of a suitable train, excessive journey times, 
Gic. 


The space (r, s) on the allocation table 
then becomes a prohibited Space, and no value 
Xxrs Must be shown on it. 


The condition of prohibiting consign- 
ments is equivalent to establishing that 
Xrs = 0 in the equations of conditions (1) 
and (2) and in the function cost C. 


In this case once again, we obtained con- 
ditional allocation of minimum cost, which 
from the point of view of economy cf 
transport does not equal absolute minimum 
costs, 

The idea of a prohibited space is of great 
importance in the case where such a space 
comes in the column «S » of wagons im- 
mobilised owing to excess stock. In this 
case, no wagon should figure in the pro- 
hibited space, in other words no wagon 
should remain immobilised in the consigning 
station to which this corresponds. In this 


VALLE| CAN- |NAPOL/ 
di 
te | rae a 


| (25) | 


casella 
proibita 
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way, we obtain allocation at minimum cost 
together with the condition of clearance of the 
station : this is a frequent necessity in 
railway practice. 

The condition of clearance can obviously 
be completely satisfied so long as the number 
of wagons available at the station to be 
cleared is not greater than the requirements 
of the stations to be supplied. 


It is obvious that it might be desired to 
obtain partial clearance of the station : in 


NAPOLI 


 |CANCELLO) ‘smist | S 


BENEVENTO 


CASERTA | 30 

60 0 

Boies 
TORRE A.C.| 25 5 
L a i Sp NOEMES -.) 

1 

169 12 0 
SALEANO AS 15 

Fig. 14. 
this case, the number (fixed) of wagons 


remaining therat and which will be deducted 
from the number available should be shown 
in the case. 

We give in figures 13 and 14 a simple 
example of allocation with total clearance 
of a station (Benevento), comparing this 
with allocation not involving the condition 
of clearance. 

In figure 13, Benevento allocates all its 45 
wagons and remains clear of empties and the 
spare wagons are to be found on the con- 
trary in the stations at Torre Annunziata 
Central and Salerno. In figure 14, Bene- 
vento only allocates 20 wagons and retains 
the other 25. According to the cost figures 
given, allocation with the condition of 
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clearance involves, compared with the other, 
an additional cost of 10 440 Liras taking it 
that the wagons concerned are high sided 
open wagons. 

eauek nee 


In the case of allocation with a shortage 
of stock when it is not desired to apply pro- 
portional reduction of the demands for 
wagons dealt with in paragraph 1), a pro- 
hibited space on line J of the shortages is 
equivalent to the condition of a complete 
supply for the destination station in the 
corresponding column. Naturally, the 
requirements of this station must not exceed 
the real number of wagons available. 

Another practical method of working 
could be as follows : select certain stations 
whose requirements are to be met in full, 
and apply the rule of reduced requirements 
to the others. 

The notion of prohibited spaces appears 
equally fruitful in practical applications. 
For example, experience soon teaches the 
allocator which services are never carried 
out under given conditions. He can then 
save himself the trouble of indicating the 
costs in the corresponding spaces, which 
will be prohibited a priori, and this will more- 
over result in the additional advantage of 
having a lesser number of compensating 
movements to consider in ascertaining the 
most economic allocation. 


5) Simple concentrations. 


When there is a daily surplus in a Region 
of a given kind of wagons, the Central 
Service may decree that this surplus be 
concentrated in a station having suitable 
installations so that they can be forwarded 
to regions needing this type of Wagons. 

It is then necessary to find the allocation 
at minimum cost meeting the condition that 
all the surplus wagons are sent to the station 
selected for this concentration of wagons, 
The problem, which is always a problem of 
conditioned minimum is easy to solve. 

The regional surplus is given by ¢ = 
m n 


x4 a; — X; b; with the usual notations. It 
1 1 
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suffices to suppose that the station selected 
has requirements equal to ¢ and then pro- 
ceed in the usual way. 

To show the analytical character of this 
circumstance, we might say that we are al- 
ways faced with the problem of a surplus of 
stock, as in paragraph 1), but in this case 
we do not attribute the zero costs to the 
positive variables xy+1,;, but the cost of the 
consigning to the concentration station. 


The allocator must not lose sight of the 
fact that he must favour the movement of 
empty wagons towards the concentration 
station; this often makes it possible to find 
the most economical allocation straight 
away. 


6) Multiple concentrations. 


The tabular method also lends itself 
perfectly to solving the problem of multiple 
concentrations, when there are several con- 
centration stations. The greatest difficulty, 
compared with the previous case, lies in the 
fact that it is not known a priort how the 
surplus wagons are going to be allocated. 


This difficulty is however soon overcome. 


Let us consider in figure 15 the allocation 
table in which D; and D> are concentration 
Stations, whose {otal requirements are equal 
to «. Let us also consider a consigning sta- 
tion, for example O; from which the cost 
of forwarding wagons to D; and Dy are cy; 
and C12. 
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Finally let us suppose that cy; > cy. 


If the most economical allocation means 
consigning x;; from QO; to Dj, as it is not 
established a prior’ how many wagons must 
go to D; and how many to Ds, there is 
nothing to prevent us supposing that the 
service will be made to D> with lower 
transport costs; the quantity x; ; is then mov- 
ed to space corresponding to D3. In general, 
between two spaces in the columns of D, 
and D> on the same horizontal of row r 
and having costs ¢;1, ¢r2, the possible consign- 
ments for the concentration should come in 
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stations (which we suppose to be rows r and 
s) are now replaced by a single : 


m 


dy (Xpi bE Xst) =e 
1 


We have said this to show how easily the 
tabular method permits to overcome all 
these analytical complications. 


We give in figure 16 an example of the 
most economical allocation with two con- 
centration stations, Villa Literno and Bene- 
vento. 


NOCERA | 
INFER. 


TORRE 


S.MARIA 
A.C.LE| LA BR 


NAPOLI 
C.FLEGR. 


VILLA 
LITERNO 


BENEVENTO 


+ 7 


15 


10 


| SALERNO 


25 (3=55) 


AVELLINO | 10 


Fig. 


the space with the lowest cost. All that is 
necessary then is to make use of the usual 
method, taking instead of stations D, and 
D> a hypothetical station needing wagons ¢ 
which, in the space of line 7 has the lowest 
costs ¢ry and ¢r2. 


At the end, that station will be taken into 
account to which the cost crs of the line in 
which there is a consignment x;s towards the 
hypothetical point of concentration cor- 
responds. 


In the equations of condition (2), those 
which correspond to the two concentration 


16. 


And if the allocator considers the number 
of wagons (10) which according to the 
principle of maximum economy is concen- 
trated at Benevento, he can decide to for- 
ward others from Cancello, involving an 
increased cost of (128—77) =51 Liras 
per ton, which would be lower than if they 
were sent from Aversa: (L. 111 — 18) 
= 93 Liras. 

It is evident that these latter displace- 
ments meet a new criterion, that of particul- 
ar indetermination of requirements, which 
the tabular algorithm used so far has 
consequently not taken into account. 


216 


7) Flows of empties. 


The subdivision of the national field of 
allocation of empty wagons into regional 
circumscriptions, due to functional neces- 
sities, is not without its drawbacks. On the 
national plan, it is possible to carry out 
allocation which is the result of the regional 
surpluses and shortages, and to control the 
movement of empty wagons, even in com- 
plete train loads, but the local allocator can- 
not take this into account in his own work- 
ing diagrams. In this case, it is possible to 
have crossings of stock on the same line, 
and in any case the absence of co-ordination 
between the two allocations, national and 
regional, would certainly be anti-economic. 


The problem is a serious one, and cannot 
be completely solved by amalgamating the 
local circumscriptions into one single one 
embracing the whole of the railway system. 
In any case, it would not be possible to do so 
on account of the difficulties this would 
cause to the Central Service both as regards 
obtaining the necessary information, «nd 
transmitting its orders. Such an allocation 
would moreover be so complex that it could 
only be carried out by means of electronic 
calculators. 


The local manifestation of national allo- 
cation consists of the flow of empties. During 
many months of the year, certain main lines 
are run over by complete trains of empty 
wagons, in particular those for foodstuffs, 
and the local allocator taking part in this 
phenomenon must keep it in mind in order 
to harmonise his own work with it as best he 
can, 

Obviously, it is a question of establishing a 
local criterion giving preference to move- 
ments of empties in the direction of this flow, 
and to reduce to the minimum those which 
necessarily must go in the opposite direction. 

It is possible to establish such a criterion 
by adopting suitable conventions in the 
formulation of the consigning costs which, in 
the case of wagons of the same kind as those 
which are the subject of the flow of empties, 
will differ from the usual costs. We will not 
linger on this point, but merely point out 
that the allocator will find these conventional 
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costs already calculated in the scale of which 
we have spoken. 


8) Association of allocation circumscriptions. 


The tabular method makes it very easy to 
demonstrate that any temporal or geo- 
graphical association between two or more 
allocation circumscriptions makes it possible 
to obtain allocation at a cost equal to or less 
than the sum of the costs of the allocations of 
which it is made up : 


Cxcqutoant+.... 


If it is a question of an association in time, 
a practical rule of great importance can be 
deducted : the allocator must always take 
into account the characteristics of the allo- 
cation in the following days, if this is of 
predominant importance, so as not to make 
any allocations which will be in contradiction 
therewith. 


If the association is a geographical one, 
the already known rule of the necessity for 
agreement between the allocators of the 
two adjoining circumscriptions in the case of 
all movements affecting zones near the 
frontier stations between one circumscrip- 
tion and the other must be confirmed and 


defined. 


9) Allocation with variable costs. 


The enunciation is in flagrant contradic- 
tion with the theory of the Hitchcock pro- 
blem, founded on the hypothesis of inde- 
pendence between the costs and the consign- 
ing variables x>¢. 

It may happen however that the optimum 
allocation, obtained from the hypothesis of 
variable costs for wagons added to ordinary 
trains, involves the running of complete 
trains of empty wagons, which will result in 
a much higher unit cost than the previous 
one, 


Let crs be the cost which must be increased 
to become c'ps. 

If the allocation R already found does not 
undergo any variations with the new cost 
c'rs, it remains the minimum cost. If on the 
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contrary, the allocation R_ varies and 
becomes R’, the needs which involved 
adopting c';s remaining unaltered, there is 
nothing to be done but take note of the 
variations (which is the most frequent case). 
But if with the new allocation R’, there is no 
longer any necessity to adopt c’rs (which 
consequently becomes ¢;s), a comparison 
must be made between the cost of R’ 
which is not an optimum allocation and the 
cost of the allocation R corresponding to 
the hypothesis of complete trains, and pre- 
ference will be given to the least costly. 


Conclusion. 


The tabular method of solving the trans- 
port problem is easy to use in practice on 
condition that a complete scale of costs is 
available so that these can rapidly be 
entered on the allocation table : such is the 
result of the experience already obtained. 


Having said this, what benefits can be 
hoped for from the adoption of the new 
method ? 


The fact of giving allocators a means of 
complying exactly with the requirements of 
article 24 of the « Rules for the Allocation 
Service » which makes it obligatory to 
obtain the optimum allocation is perhaps not 
very important in itself, because the practic- 
al solutions are very close, in general, to the 
optimum solutions, but it is very important 
as regards its pedagogic and disciplinary 
consequences. 

So far it has been obligatory for allocators 
to find that allocation having the minimum 
number of real wagons-km, but they are 


not told how they should do this. Con- 
sequently, the quality of the Allocation has 
depended upon the skill and diligence of the 
allocator, and not on precise rules making it 
possible to check that it has been properly 
done. In fact, allocation is the field in 
which employees have the greatest freedom 
of action. 


With the new methods, all the allocation 
diagrams will be translated into tables, and 
it will be possible to check them daily : this 
is the first benefit. 


A second and more substantial benefit 
will result from the local study of shunting 
and transport costs, because the local costs 
will gradually be substituted for the general 
average costs for the whole of the system. 
It will therefore be necessary to explore more 
thoroughly the little known field of local 
costs, so that the new methods can have an 
undeniable up-to-date value. 


A better knowledge of local costs will make 
it possible to obtain allocations of real mi- 
nimum cost, and fully justify the adoption 
of the new norms, which will moreover also 
improve the professional qualifications of the 
allocators. 


« Instructions » are soon to be published, 
in which the theoretical rules will be given 
in an easily understandable form, with the 
smallest possible number of theoretical 
enunciations, and with examples for each 
case. Practical experience is soon to com- 
mence in the Regions of Naples, Palermo, 
Florence and Bologna, as soon as the scale 
of costs and instruction of the staff have been 
completed. 


[ 385 (07 (71) ] 


CNR sends officers to school. 


Unternational Railway Journal, October, 1960.) 


Railway organizations can generally be 
pictured as an equilateral triangle divided 
into three layers — the bottom layer com- 
prised of the more numerous skilled em- 
ployees; the center layer consisting of 
supervisors and so-called middle manage- 
ment; and, at the top, the executives who 
set policy and direct operations. 


Efforts to obtain most efficient use of 
plant and facilities are today placing new 
emphasis on the role of the middle group. 
Effective line supervision is essential i 
prescribed operating and service goals are 
to be achieved. Moreover, on most rail 
systems, this middle group provides a pool 
of talent from which future executive needs 
can be met. 


Recognition of these principles has led 
a number of railways in North America 
to establish special training programs to 
improve that quality of the mid-manage- 
ment group. The Canadian National Rail- 
ways have such a program — embracing, 
among other things, an annual six-weeks’ 
school attended by fifty selected officers 
from all departments. 

The C.N.R. school seeks to train these 
men in problem-solving techniques to help 
them in their positions and in their grasp 
of management functions. More important, 
the instruction is designed to help « stu- 


dents » recognize personal strengths and 
weaknesses and thereby lo develop the 
ability to think clearly and administer 
wisely, 


Fifty Canadian National officers at the 
end of the third week in July completed 
the company’s six-weeks’ staff school pro- 
gram, at Bishop's University, Lennoxville 
— im the scenic Eastern ‘Townships area 
of Quebec province, about 100 miles east 
of Montreal. This {5 the eighth year 
of the staff school — the company now 


has approximately 400 officers (mostly of 
the middle management category) who have 
had the benefit of this educational ex- 
perience. 


The school is unusual among railways 
in North America in that instruction is 
given not only in management problems 
common to all business, but also in spe- 
cific railway problems. 

Educational programs of one kind or 
another, for managers and supervisors, are 
provided, with greater of less intensity, by 
most of the larger railways of North Amer- 
ica. Some of the instruction is available 
only to higher management, but as far as 
numbers of railway officers included goes, 
emphasis has been directed to middle ma- 
nagement. For the higher officers the 
Customary program has been to arrange 
to have them attend an « advanced mana- 
gement » program — either at one of 
several large universities or at classes offer- 
ed by the American Management Associa- 
tion. These « advanced management » 
courses cover questions common to the 
management of all businesses, with no 
particular attention to railroad problems. 
There are several universities (notably 
Stanford in California and Northwestern 
at Evanston, IIL), where specific education 
is afforded in annual programs of several 
weeks’ duration. 

The main advantage which many attri- 
bute to the « advanced management » 
courses in universities is that they give 
railroad people — intimate acquaintance 
with managers of other industry. The 
program of the Canadian National Rail- 
ways, being restricted to its own people, 
does not provide this « outside » acquain- 
tance. On the other hand, it does direct 
the attention of students to specific rail- 
road problems — particularly those of the 
Canadian National itself. 
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The Canadian National (owned by the 
government of Canada, but organized as 
an independent corporation) is a huge 
railway system — over 39000 km_ of 
route — extending all the way from New- 
foundland in the East to British Columbia 
on the Pacific — and from Chicago on the 
South to Hudson’s Bay on the North. 
With a system as far-flung as this, there 
is naturally a problem of interterritorial 
and interdepartmental acquaintance; and 
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to bring into sharp perspective the human, 
economic and technological forces involved 
in management functions; and to train 
railway officers in the broad principles and 
techniques of modern business manage- 
ment and their application to the railway 
as a whole. Another aim of the Course 


is to help the student to know himself, his 
strengths and weaknesses, and to help him 
to take the 
develop the 


proper direction in order to 
ability to think logically, ex- 


« Students » arrive at Bishop’s University, 


the staff school helps to solve it. Probably, 
for middle management on such a railway 
as C.N.R., intracompany acquaintance takes 
precedence in importance over the desira- 
bility of « outside » contacts with other 
industry. 

The purpose of the staff school is two- 
fold: 1) by a careful process of screening 
of potential talent in middle management 
jobs, the school program gives manage- 
ment desirable information on individuals 
most likely to profit from this educational 
opportunity and 2), once these likely can- 
didates are located, the school gives them 
instruction and impetus for selfimprove- 
ment. The company’s statement of the 
aims of the school reads in part as fol- 
lows : 

« The Staff Training Course is designed 


Lennoxville, to begin six weeks of study. 


press himself clearly and administer 
wisely. » 

Expert teachers from leading universi- 
ties conduct courses in standard manage- 
ment subjects at the school. But the selec- 
tion of the students and the administra- 
tion of the program is strictly an « inside 
job » of the C.N.R. management. ‘The 
activity is directly headed by W.'T. Wilson, 
vice-president, personnel. 

Each annual session has a « co-ordi- 
nator » — who, in a usual academic set- 
up, would be called a dean. Since the 
first session of the staff college, the man 
chosen as co-ordinator has invariably been 
one who has gone through the program 
himself; and the year before he takes over 
as co-ordinator, he spends a lot of time 
on the job with his predecessor, « learn- 
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ing the ropes ». The co-ordinator for the 


1960 session was W.G. Hinkel, an officer 
of the passenger traffic department. 
The « senior committee » in charge of 
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the program is made up of the _presi- 
dent (Donald Gordon); the vice-president 


personnel (W.T. Wilson); and the _ vice- 
president, research and development 
(Dr. O.M. Solandt). 

There is, in addition, a «_ selection 
board » which is headed by the co-ordi- 
nator of the approaching session, assisted 
by other company officers. The co-ordi- 
nator travels over the system and_person- 


ally interviews the individuals named as 
candidates. The names of the candidates 
are proposed by the vice-presidents and 
department heads, and interviews are set 
up at various points on the system — a 
process requiring from two to three months 
of the co-ordinator’s time. But, by the 
process, the co-ordinator becomes person- 
ally acquainted beforehand with all his 
students. 

To be considered as 
supervisors chosen must 
category of middle 


candidates, the 
1) belong to the 
management, 2) show 


Mobile equipment checks examination papers at end of the course 
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some supervisory ability by actual experi- 
ence and 3) preferably, be under age 45. 
(The actual average age has varied from 
37 to 40. The average age of the 1960 
class was 38, and the average years of 
service 15.) 

Appraisal is systematic and includes rat- 
ings on physical qualities, personality, faci- 
lity of expression, qualities of mind, in- 
terest and « general impressions ». Ratings 
are given on work records and « growth 
potentional ». Candidates who do not 
come up with a certain minimum number 
of points are usually disqualified. Some- 
times those who do qualify cannot be 
accommodated in the year they qualify 
(since the school is limited to 50) — in 
which case they are given preference in 
selection the following year. 

The instruction is divided into four main 
sections: 1) railway operations; 2) modern 
principles of business administration; 3) la- 
bor relations; 4) written and oral English. 
There are, also, occasionally lecturers from 
leading « outside » industries, patrons of 
the railway’s services. 

The instruction about the railway is pro- 
vided, in the main, by some dozen of the 
company’s officers — each of whom pre- 
sents lectures and answers questions on the 
work of his department. 

The business administration and labor 
relations instruction is given by several pro- 
fessors from universities, specially recruited 
for the occasion — experts in administra- 
tive practices, controls and financial ma- 
nagement and marketing. The lecturer in 
labor relations brings the students up to 
date on the labor union movement in 
North America — especially in industries 
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other than railroading, to enable the stu- 
dents to find instructive similarities be- 
tween labor trends in other industries and 
those of the railways. 


Standard textbooks are used for the 
management and labor relations courses, 


where such texts are available, and as 
much of the instruction as possible — is 
given by the « case method » — the study 


of actual management problems confronted 
by specific companies. 

A new feature of instruction, introduced 
at the 1960 session, was that of « business 
games ». In these games, the students are 
divided into a_ half-dozen or so teams, 
which are given typical problems of bu- 
siness policy to decide (quantity of produc- 
tion, price, research expenditures, and so 
on). ‘The results of each group’s decision 
are worked out on a computer — which 
determines which decisions yield the most 
profits. 


‘These games are believed to be particu- 
larly effective in conveying to departmental 
specialists the realization that no depart- 
ment has independent goals — that all 
departmental activity is relevant only to 
the degree that it contributes to the pri- 
mary goal of net earnings. 


The future of the railways very largely 
depends upon the quality of management 
which the industry can engender. Most 
large railways in North America are fol- 
lowing systematic programs to upgrade the 
quality of management. ‘The Canadian 
National’s staff school is an outstanding 
example of endeavor especially suited to 
a large railway with wide geophraphical 
range. 
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ISSUED BY THE 
Permanent Commission 

of the International Railway Congress Association, 
19, rue du Beau-Site, BRUSSELS. 


XVillth SESSION — MUNICH (1962). 


EAE OMe (ORL OS aM MSH NES 


for discussion 


WITH THE NAMES OF THE REPORTERS. 


Ist SECTION : WAY AND WORKS. 


QUESTION 1. 


Adaptation of the methods of laying, aligning and maintaining the permanent way to 
carry traffic at very high speeds (75 m.p.h. and more) : 
a) on the straight; 
b) on curves; 


so far as they affect safety and taking into account the type of rolling stock used. 
Reporters : 


Austria, Belgium, Bulgaria, Cambodia. Congo, Czechoslovakia, Denmark. Ethiopia, 
France and French Community, West Germany, Greece, Hungary, Italy, Lebanon, 
Luxemburg, Morocco, Netherlands. Poland, Portugal and overseas territories, 
Rumania, Spain, Switzerland. Syria, Tunisia, Turkey, Viet-Nam and Yugoslavia : 

M. THILLE, Ingénieur en Chef a la Division de l’Entretien du Service de la Voie et 


des Batiments de la Région du Sud-Ouest de la Société Nationale des Chemins 
de fer Francais, 1, Place Valhubert, Paris (13°). 


America (North and South), Australia, Burma, Ceylon, Egypt, Finland, Ghana, India, 
Indonesia, Irak, Iran, Republic of Ireland, Japan, Malaysia, New Zealand, Norway, 
Pakistan, Philippines, South Africa, Siam, Sudan, Sweden, Union of Socialist Soviet 
Republics, United Kingdom of Great Britain and Northern Ireland and dependent 
overseas territories : 

Mr. KENTARO MATSUBARA, Deputy Director, New Tokaido Line, Construction 
General Department, Japanese National Railways, 1-1 Marunouchi, Tokyo. 
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QUESTION 2. 


Means of reducing the final cost of signalling installations by standardization or other 
methods, including the use of electronics and other modern techniques. 


Reporters : 


Austria, Belgium, Bulgaria, Cambodia, Congo, Czechoslovakia, Denmark, Ethiopia, 
France and French Community, West Germany, Greece, Hungary, Italy, Lebanon, 
Luxemburg, Morocco, Netherlands, Poland, Portugal and overseas territories, 
Rumania, Spain, Switzerland, Syria, Tunisia, Turkey, Viet-Nam and Yugoslavia : 


Prof. Dr.-Ing. W. ScHMitTz, Ministerialrat bei der Hauptverwaltung der Deutschen 
Bundesbahn, 43-45, Friedrich-Ebert-Anlage, Frankfurt (Main). 


America (North and South), Australia, Burma, Ceylon, Egypt, Finland, Ghana, India, 
Indonesia, Irak, Iran, Republic of Ireland, Japan, Malaysia, New Zealand, Norway, 
Pakistan, Philippines, South Africa, Siam, Sudan, Sweden, Union of Socialist Soviet 
Republics, United Kingdom of Great Britain and Northern Ireland and dependent 
overseas territories : 


Mr. A.W. WoopsripGe, Chief Signal Engineer, British Transport Commission, 
British Railways Division, 222, Marylebone Road, London N.W. 1. 


2nd SECTION : LOCOMOTIVES AND ROLLING STOCK. 


QUESTION 3. 


Latest developments in the braking of railway rolling stock (systems, control, types of 
equipment, materials used...). 


Reporters : 


Austria, Belgium, Bulgaria, Cambodia, Congo, Czechoslovakia, Denmark, Ethiopia, 
France and French Community, West Germany, Greece, Hungary, Italy, Lebanon, 
Luxemburg, Morocco, Netherlands, Poland, Portugal and overseas territories, 
Rumania, Spain, Switzerland, Syria, Tunisia, Turkey, Viet-Nam and Yugoslavia : 


M. A. NIEVERGELT, Ingénieur, Chef de la Division de la Traction et des Ateliers a 
la Direction Générale des Chemins de fer Fédéraux Suisses, Hochschulstrasse, 6, 


Berne. 
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America (North and South), Australia, Burma, Ceylon, Egypt, Finland, Ghana, 
India, Indonesia, Irak, Iran, Republic of Ireland, Japan, Malaysia, New 
Zealand, Norway, Pakistan, Philippines, Siam, South Africa, Sudan, Sweden, Union 
of Socialist Soviet Republics, United Kingdom of Great Britain and Northern Ireland 
and dependent overseas territories : 


Mr. V.M. KAzARINOV, Docteur en Sciences Techniques, Institut de Recherches des 
Transports par Chemins de fer, Ministére des Communications de CLELROS-S.. 
3° Mitichtinskaia UI., Prospect Mira, Moscou I-164. 


QUESTION 4. 


Safety and automation on electric and Diesel motor power units. 


Application of automation techniques in the driving of power units (locomotives and 
motorcoaches), automatic starting, control of the spinning and skidding of the wheels, 
automatic transmission of the signal indications and automatic stopping : vigilance 
and dead-man’s devices; application of electronics. 


Reporters : 


Austria, Belgium, Bulgaria, Cambodia. Congo, Czechoslovakia, Denmark. Ethiopia, 
France and French C ommunity, West Germany, Greece, Hungary, Italy, Lebanon, 
Luxemburg, Morocco, Netherlands, Poland, Portugal and_ overseas territories, 
Rumania, Spain, Switzerland. Syria, Tunisia, Turkey, Viet-Nam and Yugoslavia : 


M. Neruez, Ingénieur Principal-Adjoint a la Direction du Matériel et des Achats 
a la Société Nationale des Chemins de fer Belges, 17, rue de Louvain, Bruxelles. 


America (North and South), Australia, Burma, Ceylon, Egypt, Finland, Ghana, India, 
Indonesia, Irak, Iran, Republic of Ireland, Japan, Malaysia, New Zealand. Norway, 
Pakistan, Philippines, South Africa, Siam, Sudan, Sweden. Union of Socialist Soviet 


Republics, United Kingdom of Great Britain and Northern Ireland and dependent 
overseas territories : 


DD ip BT, BARWELL, Electric Traction Engineer (Research), British Transport Commis- 
sion, British Railways Division, 14. Melbury Terrace, Marylebone, London N.W.1. 
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3rd SECTION : WORKING. 


QUESTION 5. 


The economics of railway operation using modern techniques of telecommunications 
and signalling, taking into account the possibilities offered by electronics to promote 
automation in : 

a) control of train movements; 

b) wagon-control; 

c) centralizing signalling operations (C.T.C.); 
d) marshalling yards. 


Reporters : 

Austria, Belgium, Bulgaria, Cambodia, Congo, Czechoslovakia, Denmark, Ethiopia, 
France and French Community, West Germany, Greece, Hungary, Italy, Lebanon, 
Luxemburg, Morocco, Netherlands, Poland, Portugal and overseas territories, 
Rumania, Spain, Switzerland, Syria, Tunisia, Turkey, Viet-Nam and Yugoslavia : 

Prof. J. STaTKIEWICcz, Chef de Division a 1|’Institut des Recherches et des Essais 
Ferroviaires des Chemins de fer de l’Etat Polonais, 86, Ul. Hoza, Varsovie 10. 


America (North and South), Australia, Burma, Ceylon, Egypt, Finland, Ghana, India, 
Indonesia, Irak, Iran, Republic of Ireland, Japan, Malaysia, New Zealand, Norway, 
Pakistan, Philippines, South Africa, Siam, Sudan, Sweden, Union of Socialist Soviet 
Republics, United Kingdom of Great Britain and Northern Ireland and dependent 
territories : 

Mr. L.C. MouinprRa, Director, Signalling and Telecommunications, Ministry of 
Railways (Railway Board), Government of India, New Delhi. 


QUESTION 6. 


Co-ordination between main line railways and metropolitan or suburban railways 
(including elevated, underground and other specialized railways). Transfer points 
(distances, positions, arrangements); lay-out of the lines; town-planning and economic 


considerations. 


Reporters : 

Austria, Belgium, Bulgaria, Cambodia, Congo, Czechoslovakia, Denmark, Ethiopia, 
France and French Community, Greece, Hungary, Italy, Lebanon, Luxemburg, 
Morocco, Netherlands, Poland, Portugal and overseas territories, Rumania, Spain, 
Switzerland, Syria, Tunisia, Turkey, Viet-Nam and Yugoslavia : 

M. A. Fioc, Ingénieur en Chef, Chef Adjoint des Etudes Générales de la Société 
Nationale des Chemins de fer Francais, 88, rue Saint-Lazare, Paris (9°). 
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America (North and South), Australia, Burma, Ceylon, Egypt, Finland, Ghana, West 
Germany, India, Indonesia, Irak, Iran, Republic of Ireland, Japan, Malaysia, New 
Zealand, Norway, Pakistan, Philippines, Siam, South Africa, Sudan, Sweden, Union 
of Socialist Soviet Republics, United Kingdom of Great Britain and Northern Ireland 
and dependent overseas territories : 


Dr.-Ing. RECKER, Ministerialrat bei der Hauptverwaltung der Deutschen Bundes- 
bahn, 43-45, Friedrich-Ebert-Anlage, Frankfurt (Main). 


4th SECTION : GENERAL. 


QUESTION 7. 


Application of operational research on the railways with particular reference to the 
purchase of material and stores, stores management and control of the quality of 
the purchases; traffic market research, etc. 


Reporters : 


Austria, Belgium, Bulgaria, Cambodia, C ongo, Czechoslovakia, Denmark, Ethiopia, 
France and French Community, Greece, Hungary, Italy, Lebanon, Luxemburg, 
Morocco, Netherlands, Poland, Portugal and overseas territories, Rumania, Spain, 
Switzerland, Syria, Tunisia, Viet-Nam and Yugoslavia : 


Dr.-Ing. M. Norart, Inspecteur en Chef Supérieur au Service des Affaires Générales, 
Chef du Bureau d’Etudes des Chemins de fer de l’Etat Italien, Piazza Croce Rossa, 
Rome. 


America (North and South), Australia, Burma, Ceylon, Egypt, Finland, Ghana, West 
Germany, India, Indonesia, Irak, Iran, Republic of Ireland, Japan, Malaysia, New 
Zealand, Norway, Pakistan, Philippines, Siam, South Africa, Sudan, Sweden, Union 
of Socialist Soviet Republics, United Kingdom of Great Britain and Northern Ireland 
and dependent overseas territories : 

Dipl.-Ing. JESSEN, Ministerialrat bei der Hauptverwaltung der Deutschen Bundes- 
bahn, 43-45, Friedrich-Ebert-Anlage, Frankfurt (Main). 


QUESTION 8. 


Policy and problems relating to the education and training of the staff. Training in 
safety measures. 
Reporters : 
Belgium, Bulgaria, Cambodia, Congo, € ‘zechoslovakia, Denmark, Ethiopia, France and 
French Community, West Germany, Greece, Hungary, Italy, Lebanon, Luxemburg, 
Morocco, Netherlands, Poland, Portugal and overseas territories, Rumania, Spain, 


¢ 


Switzerland, Syria, Tunisia, Turkey, Viet-Nam and Yugoslavia : 
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M. STJEPAN Foraic, Directeur du Service du Mouvement de la Direction Générale 
des Chemins de fer Yougoslaves, Gregoréiéeva ulica n° 4, Beograd. 


America (North and South), Australia, Austria, Burma, Ceylon, Egypt, Finland, Ghana, 
India, Indonesia, Irak, Iran, Republic of Ireland, Japan, Malaysia, New Zealand, 
Norway, Pakistan, Philippines, Siam, South Africa, Sudan, Sweden, Union of Socialist 
Soviet Republics, United Kingdom of Great Britain and Northern Ireland and 
dependent overseas territories : 


Herr Hofrat Dr. Walther SANDIG, Generalsekretiir der Oesterreichischen Bundes- 
bahnen, 9, Elisabethstrasse, Vienne, I. 


Sth SECTION : COMPLEMENTARY AND SUBSTITUTE SERVICES. 


QUESTION 9. 

Co-ordination of rail and road transport-passenger and freight on secondary lines. The 
elements of the problem. — Balance between road and rail. — Various methods of 
organisation. 

Reporters : 


Austria, Belgium, Bulgaria, Cambodia, Congo, Czechoslovakia, Denmark, Ethiopia, 
France and French Community, West Germany, Greece, Hungary, Italy, Lebanon, 
Luxemburg, Morocco, Poland, Portugal and overseas territories, Rumania, Spain, 
Switzerland, Syria, Tunisia, Turkey, Viet-Nam and Yugoslavia : 


M. Victor BULT6, Sous-Directeur de la Red Nacional de lus Ferrocarriles Espafoles, 
32, Paseo del Rey, Madrid. 


America (North and South), Australia, Burma, Ceylon, Egypt, Finland, Ghana, India, 
Indonesia, Irak, Iran, Republic of Ireland, Japan, Malaysia, Netherlands, New 
Zealand, Norway, Pakistan, Philippines, Siam, South Africa, Sudan, Sweden, Union 
of Socialist Soviet Republics, United Kingdom of Great Britain and Northern Ireland 
and dependent overseas territories : 


Dr. J.P.B. Tissot van Patot, Chief of the Division General Policy, Netherlands Rail- 
ways, 1, Moreelse Park, Utrecht. 
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QUESTION 10. 


Modern methods for the economical working of secondary lines. 


Reporters : 


Austria, Belgium, Bulgaria, Cambodia, Congo, Czechoslovakia, Denmark, Ethiopia, 
France and French Community, Greece, Hungary, Italy, Lebanon, Luxemburg, 
Morocco, Netherlands, Poland, Portugal and overseas territories, Rumania, Spain, 
Switzerland, Syria, Tunisia, Turkey, Viet-Nam and Yugoslavia : 


M. V’Ing. Enrico Tent, Inspecteur en Chef Supérieur au Service du Mouvement des 
Chemins de fer de |’Etat Italien, Piazza Croce Rossa, Rome, and 


M. Mario BIANCHI, Inspecteur en Chef au Service du Mouvement des Chemins de 
fer de I’Etat Italien, Piazza Croce Rossa, Rome. 


America (North and South), Australia, Burma, C evlon, Egypt, Finland, Ghana, West 
Germany, India, Indonesia, Irak, Iran, Republic of Ireland, Japan, Malaysia, New 
Zealand, Norway, Pakistan, Philippines, Siam, South Africa, Sudan, Sweden, Union 
of Socialist Soviet Republics, United Kingdom of Great Britain and Northern Ireland 
and dependent overseas territories : 


M. V’Ing. Réver, Direktor bei der Hauptverwaltung der Deutschen Bundesbahn, 
43-45, Friedrich-Ebert-Anlage, Frankfurt (Main). 


NEW BOOKS AND PUBLICATIONS. 


[ 621 3] 


Dipl.-Eng. Dietrich ERNST, Erlangen. — Elektronische Analogrecher. Wirkungsweise und 
Anwendung. (Electronic computers. Operation and application.) — One volume (6 1/4 x 91/2 in) 
of 316 pages with 227 figures. — 1960, Munich, R. Oldenbourg Verlag, Rosenheimer Strasse, 


145. — (Price : cloth binding, DM 38.) 


Over the last twenty years or so, elec- 
tronic computers have undergone a_ re- 
markable development. In recent years, 
attention has mainly been focussed on di- 
gital computers (which operate with digital 
values supplied by operators), due to their 
spectacular applications to scientific cal- 
culations (e.g. rockets) and to admini- 
strative management (e.g. in the form of 
electronic data processing machines). But 
the older electronic analogue computers 
(which operate with data supplied by elec- 
tric voltages which are the images, repre- 
sentations or analogies of the actual data 
of the problem) have retained their own 
very extensive field of application where 
scientific and technical calculations are 
concerned, e.g. in the sphere of automa- 
tion and control. That is why the work 
by D. Ernst — which brings an excellent 
synopsis of the subject of modern analogue 
computers, of the difficulties which had 
to be overcome in constructing them, and 
of the methods of using them — is all 
the more welcome as there are, so far, very 
few works of this kind available, although 
the technique of these computers is based 
on a major assembly of units (adders, 
integrators, multipliers, networks, etc.), and 
the methods used are already able to bene- 
fit from a large pool of experience. In 
fact, the present work appears to be the 
first of its kind published in the German 
language. 

Most of the variables are evaluated or 
measured by analogue means. A new 
stage is reached when the analogue repre- 
sentations are subjected to mathematical 
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operations. Chapter I of the book recounts 
the differences between digital and ana- 
logue computers, especially as regards me- 
thods; it surveys their history and lists the 
different constituent parts of analogue com- 
puters, and their characteristics. The two 
principal modes of operation of analogue 
computers, with single cycles or recurring 
cycles, are explained. 

Chapter II deals, in detail, with the 
different parts of the equipment. It des- 
cribes the devices used for stabilizing the 
amplifier gains, such as the limitations in 
values and frequencies as well as the assem- 
blies and their performance with a view 
to obtaining experimental retarder func- 
tions, proportional integrators, etc. The 
flexibility of these assemblies is such that 
they can easily be used to represent non- 
linear phenomena, saturation, hysteresis, 
rest times, starting or propagation de- 
lays, etc. For some years, it has also been 
possible with the aid of electronic assem- 
blies to mutliply two variables with each 
other. 

In contrast to digital computers, the 
arrangements required for analogue cal- 
culations must be specially devised for each 
case. For the programming of assemblies 
to be adopted, two principal methods are 
possible, viz., firstly, the method where the 
mathematical formulae are used as a guide, 
and secondly, the method based on the 
use of block diagrams which reproduce the 
functions to be carried out. In both cases, 
the scales must be chosen judiciously in 
order to avoid unduly low voltages which 
cannot easily be distinguished from the 
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interference voltages (circuit noises, etc.), 
as well as unduly high voltages which 
would exceed the amplifier saturation h- 
mits, etc. In this respect, the book repre- 
sents a clear guide to the potential user. 

It is not sufficient to formulate general 
directives; it is much better to proceed 
step by step on the strength of a certain 
number of examples, and a great number 
of pages (approx. 600) of the book have 
in fact been devoted to this purpose. The 
examples given range from the performance 
of a spark gap to the calculation of the 
movement of a contactor armature, passing 
on to the performance of a low-pass filter, 
the starting of an asynchronous motor 
with different resistances, the voltage curve 
of a synchronous generator with variable 
load, and the temperature control of a 
live steam generator. 

The book continues with a more de- 
tailed analysis of more difficult applica- 
tions (partial differential equations; systems 
of algebraic equations) and of special me- 
thods (frequency response curves; working 
in real time; use in combination with di- 
gital computers). It also deals with the 
means which can be used for the repre- 
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sentation of special physical relations. It 
is in this sphere that the analogue com- 
puters are irreplaceable. | Non-linearities 
which can only with difficulty be translated 
into formulas and therefore give rise to 
very great difficulties when dealt with by 
digital computers merely call, in the case 
of analogue computers, for certain precau- 
tions and are therefore no more difficult 
than linear problems. 


The book by D. Ernst is completed by 
a good description of 16 different types 
ot analogue computers, manufactured in 
Western Germany, Great Britain, France, 
Switzerland, Japan and U.S.A. Whilst most 
of them work with electronic valves, some 
make use of transistors which are less 
expensive. 

The present book must thus be regarded 
as an excellent high-standard work of 
instruction, written by an engineer, and 
published at a time when this type of 
computers has reached a stage of maturity 
based on a widening pool of experience. 
The book can therefore be unhesitatingly 
recommended. 


PS Sen: 


3rd International Cybernetic Congress. 


We recall to our readers that the International 


organise from the 11th to 15th September 1961, its 


Congress, at Namur (Belgium). 


Association of Cybernetics will 
3rd International Cybernetic 


The following subjects will be studied: Foundations and methods of cybernetics - 


Automation : 
social aspect - Cybernetics and life. 


Semantic machines. - 


All those wishing 


to participate to this Congress are requested to 


‘Technical aspects - Automation: Economic and 


apply to the 


Secretariat of the Association, 18, rue Basse-Marc elle, Namur (Belgium). 
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I. — BOOKS. 


In French. 


961 

RBIER (M.E.). 
1a topographie: Théorie et pratique. (3° édition.) 
Maris (14°), Technique et Vulgarisation, éditeur, 
rue Sophie-Germain. Un volume relié de 327 pages 


526 


X 22cm), avec 216 figures. (Prix : 27 NF.) 

960 62 (Ol 
IDON (E.). 

\pplication de la résistance des matériaux et de la 
prie des constructions (procédés et abaques). — Tra- 


t par G. CHARLOT. 

aris (5°), Eyrolles, éditeur, 61, boulevard Saint- 
rmain. Un volume (16 x 25cm) de 270 pages, avec 
; figures et 32 tableaux. (Prix : 38 NF.) 


960 313’: 385 G) 
ION INTERNATIONALE DES CHEMINS DE 
“ER. 

statistique Internationale des Chemins de fer. Année 
9. 

aris (17°), Secrétariat Général de |’Union Inter- 
ionale des Chemins de fer, 10, rue de Prony. Une 
chure (24 x 31cm) de 166 pages, avec de nom- 
ux tableaux. 


In German. 


961 6250.1 
ners Taschenbuch fiir den bautechnischen Eisen- 
ndienst, 33. Band, 1961. 

frankfurt am Main, Dr. Arthur Tetzlaff-Verlag, 
idastrasse, 64. 408 Seiten mit zahlreichen Abbild- 
en, Tafeln und Tabellen. (Preis : DM 8.—; Vorzugs- 
is fir Eisenbahner : DM 5.40.) 


1961 656 .254 
Elsners Taschenbuch fiir den Fernmelde- und Signal- 
technischen Eisenbahndienst, 11. Band, 1961. 

Frankfurt am Main, Dr. Arthur Tetzlaff-Verlag, 
Niddastrasse, 64. 320 Seiten, Format DINA6 mit 
vielen Abbildungen, Tafeln, Tabellen und Schalt- 
skizzen. (Preis : DM 6.40; fiir Eisenbahner : DM 4.40.) 


1960 621 .438 
Dipl.-Ing. J. KRUSCHIK und Dipl.-Ing. E. HUTTNER. 

Die Gasturbine. Ihre Theorie, Konstruktion und 
Anwendung fiir stationére Anlagen, Schiffs-, Loko- 
motiv-, Kraftfahrzeug- und Flugzeugantrieb. 

Wien, Springer-Verlag. 874 Seiten 4° mit 663 Abbild- 
ungen, 97 Tabellen und 9 Rechentafeln. (Preis : DM 248.) 


1960 621 .392 
Dipl.-Ing. Alexis NEUMANN. 
Schweisstechnisches Handbuch fiir Konstrukteure. 


2. neubearbeitete Auflage. Teil I: Grundlagen-Festigkeit 
und Gestaltung. 

Braunschweig, Vieweg & Sohn. 408 Seiten (16.7 
x 24cm) mit 515 Abbildungen und Tafelanhang. 
(Preis : Kunstieder, DM 24.—.) 


1960 
WENDLER (H.). 

Die Dampflokenotiven der Deutschen Reichsbahn. 
3. Auflage. 

Berlin, VEB-Verlag Technik. 272 Seiten L7 mit 
141 Bildern und 47 Tafeln. (Preis: Kunstleder, DM 16.—.) 


621 .132 (43) 


In English. 


1960 313 : 385 

Annual Bulletin of Transport Statistics for Europe — 
1959. 

One volume of 112 pages, illustrated. 

Published by the United Nations, Economic Commis- 
sion for Europe, Geneva. 


(1) The numbers placed over ‘ 
ointly with the Office Bibliographique Internati 


er the title of each book are those of the decimal classification proposed by the Railway Congress 
onal, of Brussels, (See « Bibliographical Decimal Classification as applied to Railway 


nce ». by L WEISSENBRUCH, in the number for November 1897, of the Bulietin of the International Railway Congress, p. 1509). 


— 28 


1960 385 (09 (52) 
Japanese National Railways, 1960. 
One brochure of 75 pages fully illustrated. 


Published by the Japanese National Railways, Tokyo. 


1961 621 8137 OS 
LE FLEMING (H.M.) and PRICE (J.H.). 

Russian steam locomotives. 

One volume (9 3/4 * 6in.) of 100 pages, fully illus- 
trated. 

London : John Marshbank Limited, 90, Ebury Street, 
SaW len (Rricerae ars.) 


1960 
MOODY (G.T.). 
Southern Electric. 
The History of the World’s largest Suburban Elec- 
trified System. — Third edition. 
One volume (9 X 6in.) of 189 pages, illustrated. 
Hampton Court, Surrey : Ian Allan Limited, Craven 
Houses (Price 251s.) 
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1961 

NOCK (0O.S.). 
The London and North Western Railway. 
One volume (9 1/4 x 6in.) of 228 pages, illustrate 


Hampton Court, Surrey : Ian Allan Limited, Crav 
House. (Price : 30s.) 


385 (09 ¢ 


In Spanish. 


1960 385 .113 (4€ 


La Red Nacional de los Ferrocarriles Espafoles 
1959. Comentario sobre los resultados del ejercici 
Las inversiones ferroviarias. 


Madrid, Red Nacional de los Ferrocarriles Espafiol 


(R.E.N.F.E.). 36 paginas (21 x 29cm) con numeros 
figuras y graficos. 


Ui. PERIODICALS. 
1960 621 3 
In French. Bull. de la Soc. belge des Electriciens, septembre-décer 
bre. Tk Sri. 


Bulletin de Documentation de l’U.I.C. 
(Paris.) 
1960 625 .282 (47) 
Bull. de Documentation de ’'U.I.C., décembre, p. 110. 


La locomotive Diesel de route pour seryice yoyageurs, 
T.E.P. 60. (1 500 mots, tableau & fig.) 


Bulletin de l’Association Suisse 


des Electriciens. (Ziirich.) 
1960 
Bull. de l’Ass. Suisse des Electriciens, 
p. 1289. 
GRIMM (G.O.). — Luftfeuchtigkeit und Faserstoffe. 
(2900 mots & fig.) 


G21 315 
17 décembre, 


1960 G21 3) 
Bull. de l’Ass. Suisse des Electriciens, 17 décembre, 
jo, HEB, 
CANAY (M.). — Vorgedrukte Ortskurven und ein- 
fache Darstellung der Theorie yon Asynchronmaschinen. 
(5000 mots & fig.) 


Bulletin de la Société Belge des Electriciens. 
(Bruxelles.) 

1960 621 .316 
Bull. de la Soc. belge des Electriciens, septembre- décem- 

lnyder joy, Gish. 

CATELA (A.), RENARD (J.) et MAURY (E.). — 
Les aptitudes comparées des disjoncteurs a faible volume 
d’huile et des disjoncteurs a air comprimé a la protec- 
tion des réseaux a trés haute tension. (8 000 mots & fig.) 


BELLIERE (C.). — Pouvoir de protection des par 
foudres modernes. (3 000 mots & fig.) 


C.F.F. (Berne.) 


1961 — 656 .211 (49 
C.F.F., janvier, p. 10. 
FONTOLLIET (A.). — Comment se présente 


nouvelle gare de Sion. (1 000 mots & fig.) 


Chemins de fer. (Paris.) 


1960 
Chemins de fer, Septembre-octobre, p. 136. 
CAIRE (D.). — Les aspects de la modernisation ¢ 


: hemin de fer Fédéral Allemand (D.B.). (5000 mo 
fig.) 


656 .2 (4 


1960 
Chemins de fer, septembre-octobre, p. 152. 
f GACHE (A.). — Le développement de la_tractic 
clectrique en Allemagne et le matériel roulant a i533 
16 2/3 Hz. (16000 mots, tableaux & fig.) 
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Génie Civil. (Paris.) 
1961 
Génie Civil, n° 3531, 1¢r janvier, p. 16. 
LOSSIER (H.). — Errare humanum est: 
erreurs des grands maitres. (1 600 mots.) 


( 


Quelqu 


Say 3), eee 


1961 

énie Civil, n° 3532, 15 janvier, p. 30. 
LOSSIER (H.). — Le nouveau pont de Mangfall en 
ton précontraint sur l’autoroute Miinich-Salzbourg 
aviére). (2000 mots & fig.) 


624 (43) 


1961 

énie Civil, n° 3532, 15 janvier, p. 45. 

& “a ferroyiaire d’Hokuriku (Japon). (800 mots 
g. 


625 .13 (52) 


evue Electricité — Electrotechnique Générale. 
(Bruxelles.) 
1960 621 .31 
svue Electricité — Electrotechnique Générale, Vol. III, 
n° 4, p. 167. 
WILLEMS (P.) et LEGLISE (A.). — Comparaison 
S moyens électriques permettant l’amplification en 


lissance : les amplificateurs rotatifs, magnétiques, 
2ctroniques. (7 500 mots & fig.) 
1960 62131 


svue Electricité — Electrotechnique Générale, Vol. III, 
n° 4, p. 181. 

ALLE (J.P.). — Principes de fonctionnement des 

nplificateurs magnétiques. (6000 mots & fig.) 


evue Générale des Chemins de fer. (Paris.) 


1961 625 .13 (44) 
evue Générale des Chemins de fer, janvier, p. 1. 
CARPENTIER et TOUCHOT. — Le relevage du 


mt Lafayette en gare de Paris-Est. (4000 mots & fig.) 


1961 656 .225 (44) 
evue Générale des Chemins de fer, janvier, p. 16. 
LAMERE. — La palettisation des transports de détail 
la S.N.C.F. (2 200 mots & fig.) 


1961 656 .212 .5 (44) 
eyvue Générale des Chemins de fer, janvier, p. 23. 
MENU et LOISEL. — La modernisation du triage 
/ Lens. (3 500 mots & fig.) 


1961 621 .7 (44) 
syue Générale des Chemins de fer, janvier, p. 34. 
JACOB. — Le traitement des métaux blancs et le 


rnissage des coussinets de voitures et wagons 4 I’ate- 
1 de Sotteville-Buddicom. (3 500 mots & fig.) 


1961 656 .2 (4) 
syue Générale des Chemins de fer, janvier, p. 44. 
Réglementation des transports en Europe. (2 000 mots.) 


1961 621 .335 (43 + 44) 
syue Générale des Chemins de fer, janvier, p. 49. 
Présentation de locomotives bifréquence de la D.B. 
de la S.N.C.F. en gare de Sarrebriick. (900 mots 


fig.) 
1961 385 (09 (44) 
syue Générale des Chemins de fer, janvier, p. 54. 


La Traction Electrique dans les Chemins de fer. 
(Bruxelles.) 
1960 621 .431 .72 (498) 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 11, novembre, 
Doo le 
HONDIUS (H.). — Locomotives Diesel-électriques de 
2 100 ch, série 060-DA, pour les Chemins de fer de l’Etat 
roumain. (9 500 mots & fig.) 


1960 621 .316 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 11, novembre, 
p. 559. 
KOCH (W.). — Problémes de mise 4 la terre. (2 900 
mots & fig.) 
1960 621 .431 .72 (42) 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 11, novembre, 
De 07s 
Trains Pullman Diesel-électriques des British Railways. 
(3 400 mots & fig.) 
1960 621 .431 .72 
Bulletin du Congrés des Chemins de fer. — La Traction 
Electrique dans les Chemins de fer, n° 11, novembre, 
p. 580. 
La lutte contre le patinage sur les locomotives Diesel de 
grande puissance. (1 200 mots & fig.) 


Les Transports Publics. (Berne.) 


1961 625 .6 (494) 
Les Transports Publics, janvier, p. 2. 
BORN (H.). — Coup d’ceil rétrospectif sur V’année 


écoulée et perspectives sur celle qui vient. (2 000 mots.) 


1961 625 .162 
Les Transports Publics, janvier, p. 6. 
Heureuses réalisations. Chemins de fer et passages 


a niveau. (1 000 mots & fig.) 


1961 625 .113 
Les Transports Publics, janvier, p. 10. 
BRANGER (A.). — La correction des courbes par 


la mesure des fléches. (1 200 mots & fig.) 


La Vie du Rail. (Paris.) 

1960 656 .257 
La Vie du Rail, 18 décembre, p. 10. 

WALTER (J.). — Les postes d’aiguillage. (2 500 mots 


& fig.) 


1960 
La Vie du Rail, 18 décembre, p. 41. 
BEGUE (A.). — Chemins de fer en Espagne. (5 000 
mots & fig.) 
1960 


La Vie du Rail, 25 décembre, p. 40. 
DULUC (A.). — Le percement du tunnel du Fréjus. 


656 .2 (460) 


625 .13 (44 + 45) 


L’équipement de la S.N.C.F. (3000 mots & fig.) | (2000 mots & fig.) 


1960 621 .33 (44) 
La Vie du Rail, 25 décembre, p. 46. ; 

FONTAINE (F.). — La traction électrique en Savoie. 
(1 500 mots & fig.) 


1961 625 .245 (44) 
La Vie du Rail, 1°" janvier, p. 10. 

Un nouveau wagon porteur d’automobiles. (500 mots 
& fig.) 

1961 
La Vie du Rail, 8 janvier, p. 16. 

Electrification Est-Paris. Mise au gabarit « élec- 
trification » des sauts-de-mouton de Bobigny. (800 mots 
& fig.) 


1961 
La Vie du Rail, 15 janvier, p. 3. 
Electrification Est-Paris. Le 25000 V a Nancy. Mise 
en service des trongons électrifiés Laneuyille-Frouard et 
Toul-Lérouville. (1 600 mots & fig.) 


625 .1 : 621 .33 (44) 


621 .33 (44) 


In German. 


Archiv fiir Eisenbahnwesen. (Berlin.) 


1960 656 .235 (4) 
Archiy flir Eisenbahnwesen, Heft 4, S. 449. 

PISCHEL (W.). — Die Sowjetisierung des innerstwzat- 
lichen und zwischenstaatlichen Eisenbahnfrachtrechts in den 
europaischen Ostblockstaaten. (20 000 Worter.) 


1960 656 
Archiy fiir Eisenbahnwesen, Heft 4, S. 493. 

STILLE (F.). — Die Entwicklung des Rohrleitungs- 
transports, insbesondere auf dem Gebiet des Mineraldls, 
in der Bundesrepublik Deutschland und im umliegenden 
Europa. (6 000 Worter.) 


Die Bundesbahn. (Darmstadt.) 


1960 385 (43) 
Die Bundesbahn, Heft 23/24, Dezember, S. 1173. 

OEFTERING (H.M.). — Die Deutsche Bundesbahn — 
ein grosser Auftraggeber der deutschen Wirtschaft. (6 000 
Worter.) 


1960 625.28 (43) 
Die Bundesbahn, Heft 23/24, Dezember, S. 1184. 

WIENSI(Gor 1000) 2) 7/000. Doppeljubilaum des 
Strukturwandels in der Zugforderung der Deutschen Bun- 
desbahn. (1000 Wérter & Tabellen.) 


1960 385.113 (43) 
Die Bundesbahn, Heft 23/24, Dezember, S. 1190. 

PET ZOD) CAl\n =niber Jahresabschluss der Deut- 
schen Bundesbahn fiir das Geschaftsjahr 1959. (8 000 
Worter & Tafeln.) 


1960 385 (09 .3 (43) 
Die Bundesbahn, Heft 23/24, Dezember, S. 1220. 

LOGEMANN (W.). — Vor hundert Jahren (1860), 
(8 000 Worter, Karten & Tafeln.) 


1960 625 .28 ¢ 
Die Bundesbahn, Heft 23/24, Dezember, S. 1237. 

KLINGENSTEINER (J.) und EBNER (E.). — EL 
Zugforderungsdienst im Fahrplanjahr 1960/1961. (60 
Worter & Tafeln.) 

1960 656 .222 
Die Bundesbahn, Heft 23/24, Dezember, S. 1250. 

TOETZEN (W.). — Lasterhéhung bei Durchgan; 
giiterziigen. (8 O00 Worter, Tafeln & Abb.) 


1960 385 .113 ( 
Die Bundesbahn, Heft 23/24, Dezember, S. 1298. 

Tatigkeit und Ergebnisse auslindischer Eisenbahnye 
waltungen im Geschaftsjahr 1959. (7 000 Worter.) 


Deutsche Eisenbahntechnik. (Berlin.) 


1960 621 .335 (4 
Deutsche Eisenbahntechnik, Dezember, S. 567. 

MULLER (S.). — Uber die Entwicklung der erst 
Vollbahnyersuchslokomotiven fiir 25 kV, 50 Hz — Ei 
phasenwechselstrom in der DDR. (2 000 Worter & Abt 


1960 625 .282 (43 
Deutsche Eisenbahntechnik, Dezember, S. 570. 

KREJSA (L.) und KUNICKI (H.), — Diesellokom 
tiven der CSSR. (5 000 Worter, Tafeln & Abb.) 


1960 656 .212 
Deutsche Eisenbahntechnik, Dezember, S. 580. 
FJEDOTOW (N.1.). — Beidriicken der Wagen 


Richtungsgleisen. (5 000 Worter, Tafeln & Abb.) 


1960 
Deutsche Eisenbahntechnik, Dezember, S. 588. 
HENNIG (E.). — Elektrische Schutzmassnahmen | 
Sicherungsanlagen. (8 000 Wérter & Abb.) 


656 22 


1960 
Deutsche Eisenbahntechnik, Dezember, S. 600. 
__ Diesellokomotiven mit elektrischer und hydraulisch 
Ubertragung. (2 000 Worter.) 


625 .28 


Elektrische Bahnen. (Miinchen.) 


1960 
Elektrische Bahnen, Heft 11, S. 233. 
VON WEINE (A.), RIEDLINGER (R.) & CHRIS 
(W.). — Das Dampfkraftwerk Diisseldorf-Lausward un 
seine Einbeziehung in die Energieversorgung der Deut 
schen Bundesbahn. (14 000 Worter & Abb.) 


621 .31 (4: 


Elektrotechnik und Maschinenbau. (Wien.) 
1960 


621 31 
Elektrotechnik und Maschinenbau, Dezember, S. 63: 
OBURGER (W.). — Giessharze im Wandler- un 


Apparatebau. (2 600 Worter & Abb.) 


ae) 


iT. R= Eisenbahntechnische Rundschau. 
(K6In-Darmstadt.) 
960 624 (43) 
senbahntechnische Rundschau, November, S. 455. 
~EMMERHOLD (F.). — Die Eisenbahnbriicken iiber 
Rhein. (5 000 Worter & Abb.) 


960 624 (43) 
enbahntechnische Rundschau, November, S. 470. 

SONTAG (H.). — Eisenbahnbriicke iiber den Rhein 
Koblenz-Horchheim. (2 200 Wérter & Abb.) 


960 625 .245 
enbahntechnische Rundschau, November, S. 476. 
3CKHARDT (C.-H.). — Giiterwagen fiir ausserge- 
tmliche Transporte. (4 000 Worter, Tafel & Abb.) 


960 625 .62 (43) 
enbahntechnische Rundschau, November, S. 485. 

30CK (J.). — Die Erweiterung der Hamburger S- 
in. (Fortsetzung folgt.) (7 000 Worter, Tafeln & Abb.) 


1960 656 .257 
enbahntechnische Rundschau, November, S. 504. 
REBMANN (F.). — Stellwerke mit geneigten Fen- 
m. Ausgefiihrte Beispiele der Vermeidung st6érender 
iegelungen. (800 Worter & Abb.) 


T.Z. — Elektrotechnische Zeitschrift. (Berlin.) 


1961 621 313 
’.Z. Elektrotechnische Zeitschrift, 9. Januar, S. 1. 
<RATZ (P.). — Steuerung und Regelung von Asyn- 
onmotoren. (4 700 Worter & Abb.) 


Henschel-Nachrichten. (Kassel.) 
960 625 .282 
nschel-Nachrichten, Oktober, S. 30. 
Yentrainement des locomotives Diesel-hydrauliques par 
res a cardans. (1 000 Worter & Abb.) 


960 G2IR 4512 
nschel-Nachrichten, Oktober, S. 35. 
JLLMANN. — Henschel et l’évolution des locomo- 


‘s 4A moteur thermique. (2 000 Worter & Abb.) 


960 621 .335 
nschel-Nachrichten, Oktober, S. 41. ‘ 
es locomotives bi-fréquence E 320.11. (S00 Worter 


A bb.) 


Internationales Archiv fiir Verkehrswesen. 


(Frankfurt am Main.) 


960 656 


smn. Archiv fiir Verkehrswesen, Dezember, S. 89. 
YTTMANN (K.). — Ein Vorschlag zur Verwirklichung 
-ktwirtschaftlicher Grundsaitze im Verkehr. (3 000 


rter.) 


1960 385 (09 .3 (43) 
Intern. Archiy fiir Verkehrswesen, Dezember, S. 104. 

BAUMANN (H.). — 125 Jahre deutsche Eisenbahnen. 
(1 500 Worter.) 


Der Offentliche Verkehr. (Bern.) 


1961 625 .6 (494) 
Der Offentliche Verkehr, Januar, S. 4. 
BORN (H.). — Riickblick auf das verflossene Jahr 


und Ausblick. (2 000 Worter.) 


1961 
Der Offentliche Verkehr, Januar, S. 6. 
Die Schweizerischen Bundesbahnen im Jahre 1960. 
(1 000 Worter.) 


385 .113 (494) 


Schweizerisches Archiv fiir Verkehrswissenschaft 


und Verkehrspolitik. (Zitirich.) 
1960 656 
Schweizerisches Archiv fiir Verkehrswissenschaft und 
Verkehrspolitik, Nr. 4, S. 338. 
MEYER (H.-R.). — Vom Grade der Interventionen 
und der marktwirtschaftlichen Krafte im Verkehr. (5 000 
Worter.) 


Siemens-Zeitschrift. (Berlin.) 

1960 691 
Siemens-Zeitschrift, Dezember, S. 813. 

JAESCHKE (W.). — Korrosionsschutz fiir metallene 


Kabelm4ntel. (5 700 Worter & Abb.) 


Signal und Draht. (Frankfurt am Main.) 


1960 656 .257 
Signal und Draht, November-Dezember, S. 181. 

GUNTHER (P.). — Fernsteuerung von Signalanlagen 
im In- und Ausland. (25 000 Worter & Abb.) 


Verkehr. (Wien.) 

1961 656 .2 (497 .1) 
Verkehr, Nr. 2, 14 Januar, S. 41. 

Reorganisation der Jugoslawischen Eisenbahnen. (1 200 


Worter.) 


In English. 


Association of American Railroads 
(Signal Section). (Chicago.) 


1960 656 .25 (061 .4 
Association of American Railroads Signal Section, Vol. 
LVII, No. 2. 
Minutes. Sixty-first Annual Meeting, Chicago, Ill, 
October 11, 12 and 13, 1960. (70 pages.) 


ae, 


Bulletin, American Railway Engineering 
Association. (Chicago.) 
1960 656 .22 (73) 
Bulletin, American Railway Engineering Association, 
Vol. 62, No. 560, November, p. 189, ; 
Report of Committee : 16. Economics of railway loca- 
tion and operation - Power. (16 pages, illustrated.) 


The Chartered Mechanical Engineer. 
(London.) 


1960 21 .431 .72 (73) 
The Chartered Mechanical Engineer, December, p. 506. 

BROWN (H.F.). — The economics of Diesel traction 
on U.S. railways. (3 400 words, tables & figs.) 


Electrical Engineering. (New York.) 


656 .25 (73) 
Electrical Engineering, November, p. 894. 
JETT (C.O.). — Wire-line and carrier communications 
on the Union Pacific Railroad. (2 800 words & figs.) 


Electric Traction on the Railways. (Brussels.) 


1960 621 .314 

Bulletin of the International Railway Congress Asso- 

ciation — Electric Traction on the Railways, No. 11, 
November, p. 511. 

CORBYN (D.B.) and POTTER (N.L.). — The 
characteristics and protection of semiconductor rectifiers. 
(6 700 words & fig.) 

1960 621 .335 (44) 
Bulletin of the International Railway Congress Asso- 

ciation — Electric Traction on the Railways, No. 11, 
November, p. 536. 

MACHEFERT-TASSIN (Y.). — The BB 9400 loco- 
motives of the S.N.C.F. for 1500 V D.C. with Single- 
motor bogies. (7 900 words & fig.) 


1960 621 .335 (44) 

Bulletin of the International Railway Congress Asso- 

ciation — Electric Traction on the Railways, No. 11, 
November, p. 557. 

MACHEFERT-TASSIN (Y.). — The BB 20103 dual- 
frequency locomotive with monomotor bogies and silicon 
rectifiers of the French National Railways (concluded), 
(3 000 words & figs.) 


The Engineer. (London.) 


1960 
The Engineer, December 2, p. 926, 


BROWN (H.F.). — Diesel locomotives in the United 
States. (5 600 words, table & figs.) 


621 .431 .72 (73) 


1960 656 .25_ 
The Engineer, December 16, p. 1022. 


Electronic railway-signal interlocking. (900 words & fi 


1960 621 .132 aa 
The Engineer, December 23, p. 1041. 
ABBOTT (R.A.S.). — The « Shay » geared st 


locomotive, 1879-1945. (6 000 words, tables & figs.) 


1960 621 .431 .72 | 
The Engineer, December 23, p. 1070. 


2 000 BHP Diesel locomotive. (1 200 words & figs. 
385 (09 | 


1960 
The Engineer, December 30, p. 1117. 
125th Anniversary of German Railways. (4 500 wo 
& figs.) 


Engineering. (London.) 


1960 621 .33 ( 
Engineering, December 16, p. 832. 


From DC to AC traction in two days. (800 words & fi 


1960 
Engineering, December 30, p. 897. 
Diesels bring losses to U.S.A. railways. (1 600 wo 
& figs.) 


621 .431 .72 ( 


Indian Railway Technical Bulletin. 
(Lucknow.) 
1960 625 .14 (OL ¢ 
Indian Railway Technical Bulletin, August, p. 108. 
SEKHAR (A.C.) and RAWAT (B.S.). — Spike hold 
strength of Indian timbers. (2 400 words & figs.) 


1960 621 .33 ¢ 
Indian Railway Technical Bulletin, August, p. 119, 

TONSE (S.P.). — Improved maintenance of tract 
overhead equipment on Western Railway. (2.900 wor 
& figs.) 


Proceedings, The Institution of Civil Engineet 


(London.) 
1960 625 .14 & 656. 
Proceedings, The Institution of Civil Engineers, Decemt 
p. 369. 


McFARLANE KESSON (J.), — The loading of lis 
railways tracks. (21 pages, illustrated.) 


Journal, The Institution of Locomotive 
Engineers. (London.) 


1960 625 .2 
Journal, The Institution of Locomotive Engineers, Vi 
50, Part No. 3, No. 275, p. 304. 
RYAN (C.F.) and HUNDY (B.B.). — Steel whe 
and tyres. (60 pages, illustrated.) 


1960 621 .431 .72 
ournal, The Institution of Locomotive Engineers, Vol. 
50, Part. No. 3, No. 275, p. 364. 
ATTOCK (M.O.) and FLETCHER (S.). — Some 
leas on the maintenance of Diesel electric locomotives. 
41 pages, illustrated.) 


Modern Railroads. (Chicago.) 


1960 656 .22 (73) 
Modern Railroads, December, p.67. 

Why not container « shuttle trains » ? (1 600 words 
& figs.) 

1960 

Aodern Railroads, December, p. 75. 
How Seaboard speeds welded rail laying. (900 words 


< figs.) 


625 .172 (73) 


Modern Transport. (London.) 


1960 656 .25 (42) 
odern Transport, November 19, p. 5. 
North Eastern modernisation. — New signalling instal- 


zation for Pelaw. (1 200 words & fig.) 


1960 621 .33 (42) 

odern Transport, November 19, p. 15. 

Great Eastern Line. — Current supply changeover. 
1 600 words.) 

1960-1961 621 .33 (42) 


odern Transport, November 26, p. 3; December 3, p. 5; 
January 21, p. 16. 

North-East London electrification. (To he continued.) 

6000 words & figs.) 


1960 621 .338 (42) 
Modern Transport, November 9, p. 9; December 3, p. 11. 
Prototype tube trains. (4 000 words & figs.) 


1960 656 .25 (42) 
"Modern Transport, December 17, p. 7. 


Electronic signal interlocking. (800 words & figs.) 


1960-1961 656 .2 (494) 
(Modern Transport, December 24, p. 3; January 14, p.11. 

ALLEN (C.J.). — Swiss Railways developments. 
«4000 words & figs.) 


1960 656 .2 (42) 


‘Modern Transport, December 31, p. 3. 
Nationalised transport — The new order. (2 500 words 
& figs.) 


The Oil Engine. (London.) 

1960 621 .431 .72 (42) 
The Oil Engine, November, p. 261. 

Results of modernization. Experiences with the Hast- 

ings service Diesel-electric trains. (600 words & tables.) 


arte os 


1960 
The Oil Engine, December, p. 284. 
MEREDITH (G.). — Servicing equipment for rolling 
stock. (1 000 words & figs.) 


621 .431 .72 


1960 
The Oil Engine, December, p. 287. 
Economics of Diesel power on U.S.A. Railways. (700 
words & figs.) 


621 .431 .72 (73) 


The Overseas Engineer. (London.) 


1961 
The Overseas Engineer, January, p. 178. 
Research into railway pantograph performance. (400 
words & figs.) 


621 .336 


Permanent Way. (Tokyo.) 


1960 625 .14 (52) 
Permanent Way, September, p. 1. 
YUTAKA SATOH. — Experiments on the new-type 


railway tracks. (4000 words & figs.) 


1960 
Permanent Way, September, p. 11. 
YOICHI HOSHINO. — The equipment and machines 
of the railway track laboratory of the Railway Technical 
Research Institute. (5 000 words & figs.) 


625 .14 (O1 (52) 


1960 625 .175 (52) 
Permanent Way, September, p. 23. 
HIKARU MURAYAMA. — The road-and-track 


motor car. (4 400 words, tables & figs.) 


Railway Age. (New York.) 
1960 656 .223 (73) 
Railway Age, December 5, p. 14. 
Frisco adopts new yard plan to cut costs and improve 
service. (800 words.) 


1960 625 .11 (73) 
Railway Age, December 12, p. 44. 

Proposed PNR route was mapped by air. (800 words 
& figs.) 


1961 625 .172 (73) 
Railway Age, January 2, p. 24. 
PRR saves money by using new machines to crop rail 


in track. (900 words & figs.) 


Railway Engineering. (Cape Town.) 
1960 625 .2 
Railway Engineering, November, p. 28. 

WALTER (L.). — The use of aluminium in railway 
rolling stock. (600 words.) 


mee Ne 


1960 656 .2 
Railway Engineering, November, p. 41. ' ; 
DAY (J.R.). — Competition from road hauliers stimul- 


ates development of special vehicles. (700 words & figs.) 


621 .438 (73) 


1960 
Railway Engineering, December, p. 28. 
Gas turbine-electric locomotives of 8500 HP for fast 
goods service. (1 800 words & figs.) 


The Railway Gazette. (London.) 


1960 625 .172 (71) & 656 .212 .6 (71) 
The Railway Gazette, December 2, p. 650. 
Diesel-hydraulic 250-ton railway breakdown crane. 
(700 words & figs.) 
1960 
The Railway Gazette, December 2, p. 652. 
Standard passenger bogie. (1 600 words & figs.) 


625 .215 (43) 


1960 62h S34) 
The Railway Gazette, December 2, p. 656. 
Boiler water treatment in U.S.S.R. (600 words.) 


1960 
The Railway Gazette, December 9, p. 678. 
High-capacity tank wagon. (600 words & figs.) 


625 .245 


1960 
The Railway Gazette, December 9, p. 679. 
New signalling at Glasgow Central Scottish Region. 
(3 200 words & figs.) 


656 .25 (42) 


1960 656 .225 (42) 
The Railway Gazette, December 16, p. 706. 
MARGETTS (F.C.). — The future of the North 


Eastern Region. (2 400 words & figs.) 


1960 625 .245 (43) 
The Railway Gazette, December 16, p. 709. 
Large bogie tank wagons. (200 words & figs.) 


Diesel Railway Traction. (London.) 
1960 621 .431 .72 (592) 


Diesel Railway Traction, December, p. 447. 
Suburban trains for Burma. (2 400 words & figs.) 


1960 621 .431 .72 (62) 
Diesel Railway Traction, December, p. 453. 


Large locomotive for Egypt. (4 500 words & figs.) 


1960 621 .431 .72 (489) 
Diesel Railway Traction, December, p. 465, 


Diesel traction in Denmark. II. (3 600 words & figs.) 


1960 : 621 .431 .72 
Diesel Railway Traction, December, p. 475, 


General - purpose medium - power locomotive. (4 600 
words & figs.) 


Railway Locomotives and Cars. (New York 


1960 656 .22 (7 
Railway Locomotive and Cars, November, p. 21. 
Automation of motive power. (2000 words & figs.) 


1960 625 .242 (7. 
Railway Locomotive and Cars, November, p. 25. 
N & Wis building 85-ton hoppers. (1 000 words & figs 


1960 625,52) 
Railway Locomotive and Cars, November, p. 38. 

For tomorrow’s trains... Chicago transit tests ne 
trucks. (1 400 words & figs.) 


1960 621 .431 .72 (7: 
Railway Locomotives and Cars, November, p. 44. 

L.M.O.A. Committee reports... Diesel reclamatio 
pays its way. (1 800 words & figs.) 


The Railway Magazine. (London.) 


1960 621 .33 (421 
The Railway Magazine, November, p. 75. 
Manchester to Crewe high-voltage electrification com 


pleted. (2 000 words & figs.) 


1960 621 .338 (42 
The Railway Magazine, November, p. 758. 

Multiple-unit stock for L.M.R. electrification. (1 00( 
words & figs.) 

1960 656 .25 (42 
The Railway Magazine, December, p. 873. 

Signal engineering for L.M.R. main-line electrifica 
tion. (2000 words & figs.) 


Railway Signaling & Communications. 
(New York.) 


1960 625 .4 (73) & 656 .25 (73 
Railway Signaling & Communications, November, p. 16 
Subway train is automatic. (1 100 words & figs.) 


1960 656 .22 (44) 
Railway Signaling & Communications, November, p. 18 

Remote control train: successful tests in France. 
(1 400 words & figs.) 

1960 656 .212 (17) 
Railway Signaling & Communications, December, p. 19. 

C.N.R. opens Moneton yard. (1 200 words & figs.) 


1960 . 656) .25..(55) 
Railway Signaling & Communications, December, p. 22. 

WEBB (W.H.R.). — Iran Rys. haye simplified A.T.C. 
(2 000 words & figs.) 


1960 : 625 .214 (73) 
Railway Signaling & Communications, December, p. 24. 
Erie installs its first hotbox detector. (800 words & figs.) 


Railway Steel Topics. (Sheffield.) 


1960 625 .14 (489) 
jilway Steel Topics, No. 4, Autumn, p. 5. 
“CLAUSSEN (O.H.) and PEDERSEN (F.P.). — The 
+ oa way on Danish State Railways. (3 500 words 
* figs.) 


1960 621 .431 .72 
iilway Steel Topics, No. 4, Autumn, p. 19. 
‘COMPTON (J.N.). — Developments with internal 


enbustion engined locomotives. (4500 words & figs.) 


11960 621 .335 (42) 
ulway Steel Topics, No. 4, Autumn, p. 40. 
ELILLEYMAN (C.C.). — Application of sub-zero 
-hnique in assemby of drive pins for new British Rail- 
ys locomotives. (1 800 words & figs.) 


Railway Track & Structures. (Chicago.) 


1960 625 .144 .1 (73) 
ailway Track & Structures, December, p. 21. 

Panel discussion. — Report on welded rail today. 
000 words & figs.) 

1960 625 .172 (73) 
ailway Track & Structures, December, p. 24. 
JENTOFT (L.H.). — Erie formula for fast surfacing. 
000 words & figs.) 

1960 625 .142 (73) 
ailway Track & Structures, December, p. 31. 

How good are ties in track today ? (700 words.) 


1960 625 .172 (73) 
ailway Track & Structures, December, p. 23. 

Wire « sighting » device adapted for lining through 
mnouts. (400 words & figs.) 


Trains Illustrated. (London.) 


1960 621 .335 (42) 


rains Illustrated, December, p. 722. 
The first hundred 25 kV A.C. electric locomotives 
r B.R. (2000 words & figs.) 


1960 656 .25 (42) 
rains Illustrated, December, p. 756. 

More L.T. progress with programme machines. (900 
ords & figs.) 


1961 621 .33 (42) 


rains Illustrated, January, p. 12. 
The North-East London electrification of the Great 
astern line. (4200 words & figs.) 


In Spanish. 


Ferrocarriles y Tranvias. (Madrid.) 


1960 625 .142 
Ferrocarriles y Tranvias, vol. 26-IX, n° 301, p. 224. 

SONNEVILLE (R.). — Traviesas de madera o 
traviesas de hormigén ? (5 000 palabras & fig.) 

1960 385 
Ferrocarriles y Tranvias, vol. 26-IX, n° 301, p. 238. 

DE INCHAURRAGA (P.), — EI ferrocarril es 


elemento imprescindible para la economia nacional. 
(800 palabras.) 


Revista de Ciencia aplicada. (Madrid.) 


1960 GPA 333 
Revista de noviembre-diciembre, 
p. 490. 
PAGE (A.) & CIVIT BREU (A.). — Criterios para 
realizar un trazador de ciclos dinamicos de _histéresis, 
de alta precision. (2 500 palabras & fig.) 


Ciencia aplicada, 


1960 691 
Revista de Ciencia aplicada, noviembre-diciembre, 
p. 496. 
SERRA (M.) & ROYUELA (J.J.). — Proteccion 
de metales. (Continuacion.) (4000 palabras & fig.) 


In Italian. 


Alluminio. (Milano.) 


1960 625 .2 
Alluminio, dicembre, p. 581. 

BARTOLI (T.). — L’impiego dell’alluminio e delle 
leghe leggere nelle costruzioni ferroviarie alla Mostra 
Internazionale di Strasburgo. (3000 parole, tavole & 


fig.) 


Giornale del Genio Civile. (Roma.) 
1960 624 .2 
Giornale del Genio Civile, novembre, p. 861. 

CUOMO (S.). — Sulla resistenza di travi inflesse di 
acciaio ad elevate temperature. (7000 parole tabelle 


& fig.) 


Ingegneria Ferroviaria. (Roma.) 

1960 656 .2 (45) 
Ingegneria Ferroviaria, novembre, p. 901. 

MERLINI (R.). — Il Moncenisio nel collegamento 


| ferroviario fra Italia e MEC. (4000 parole & fig.) 


1960 388 
Ingegneria Ferroviaria, novembre, p. 909. ; ; 
PATRASSI (A.). — Trasporti rapidi di persone in 


un’area urbana 0 metropolitana. (10000 parole, tabelle 
& fig.) 


1960 656 .257 (45) 
Ingegneria Ferroviaria, novembre, p. 928. 
TOLOTTI (F.). — Recenti esperienze delle FS. 


sugli appariti centrali a pulsanti. (5000 parole & fig.) 


Politica dei Trasporti. (Roma.) 


1960 656 .23 


Politica dei Trasporti, novembre, p. 560. 
SANTORO (F.). — Criteri di formazione dei prezzi 
e regolamentazione del M.E.C. (3 000 parole.) 


Rivista di Ingegneria. (Milano.) 


1960 62 (01 
Rivista di Ingegneria, dicembre, p. 1357. 

ANNARATONE (D.). — Studio della flessione 
deviata in campo plastico. (Continua.) (3000 parole 
& fig.) 

1960 


62 (01 
Rivista di Ingegneria, dicembre, p. 1397. 

L’esame delle giunzioni saldate mediante gli ultra- 
suoni. (800 parole & fig.) 


In Netherlands. 


De Ingenieur. (Den Haag.) 


1961 625 .13 (71) 
De Ingenieur, n™ 1, 6 januari, p. B. 1. 

LASSEN-NIELSEN. — Deas Island Tunnel. Gezon- 
ken verkeerstunnel onder de Fraser River in Canada. 
(4.000 woorden & fig.) 


1961 , 
De Ingenieur, n™ 1, 6 januari, p. W. 1, 
DIJKSMAN (E.A.), Kinematische analyse van 


Vlakke mechanismen met gedwongen beweging. (6 000 
woorden & fig.) 


531 


Spoor- en Tramwegen. (Den Haag.) 
1960 
Spoor- en Tramwegen, nt 25 15 december, p. 423. 


VAN ALBADA (NB) Geluidsmetingen ORE te 
Croy-Romainmétier. (1 200 woorden & fig.) 


625 .2 


1960 656 .211 (45) 
Spoor- en Tramwegen, n™ 25, 15 december, p. 425, 


STUNNENBERG (J.). — Het kruispunt yan Europa 
heeft zorgen. (1 500 woorden & fig.) 


36 — 


1960 656 .2 ( 
Spoor- en Tramwegen, n™ 25, 15 december, p. 428. 

Nogmaals : De Russische Spoorwegen. (2 600 wo 
den & fig.) 


1960 38555. 
Spoor- en Tramwegen, n™ 25, 15 december, p. 431. 

Houdt het personeel op de hoogte! (1 600 woorde 

1960 625 
Spoor- en Tramwegen, n™ 25, 15 december, p. 433. 

KARSKENS (J.J.). — Iets over vier- en zesas 
materieel. (1 500 woorden & fig.) 

1960 656 .2 (¢ 


Spoor- en Tramwegen, n™ 26, 29 december, p. 439. 
STUNNENBERG (J.). — Het vijfjarenplan van 
Italiaanse Spoorwegen. (2000 woorden & fig.) 


1960 656.250 
Spoor- en Tramwegen, n™ 26, 29 december, p. 443. 
De Canadese Spoorwegen. (2000 woorden & fi 


1960 614 
Spoor- en Tramwegen, n‘™ 26, 29 december, p. 445. 
VERSPEEK (K.E.). — De baas en de veilighe 


(1 600 woorden & fig.) 
1961 621 .431 .72 (4S 
Spoor- en Tramwegen, nt 1, 12 januari, p. 1. 
MAURER (J.J.), MOOLHUIZEN (Chr.) en VA 
OMME (N.). — De dieselelektrische drierijtuigstell 
serie 111-125 yan de N.S. (Wordt vervolgd.) (15 
woorden & fig.) 


1961 621 .33 (4 
Spoor- en Tramwegen, n™ 1, 12 januari, p. 4. 
OVERMANN (J.). — Die Elektrifizierung bei d 


Deutschen Bundesbahn. (600 woorden & kaart.) 


1961 
Spoor- en Tramwegen, n™ 1, 12 januari, p. 5. 


HUPKES (G.). — Het merkbeeld yan de spoorwe 
(1 000 woorden & fig.) 


6: 


1961 656 .211 .7 (48 
Spoor- en Tramwegen, n™ 1, 12 januari, p. 7. 

VAN EERE (AF. Bes merkwaardige treinyee 
dienst in Noorwegen. (700 woorden & fig.) 


1961 656 .225 (49 


Spoor- en Tramwegen, n™ 1, 12 januari, p. 9, 
VAN LIESHOUT (J.). — Ook dit is efficiént spoo 
vervoer. (800 woorden & fig.) 


In Portuguese. 


Gazeta dos Caminhos de ferro. (Lisboa.) 


1961 6ZIKS 
Gazeta dos Caminhos de ferro, n° 1753, 1 janeiro, p. 40. 


ROONEY (DBL) Concepcao e instalagao ¢ 
equipamento de suspensio. (1 200 palavras & fig.) 


Técnica. (Lisboa.) 
1960 
<mnica, novembro, p. 57. 
He ALMEIDA E CASTRO (F.). — Consideragdes 


ore a determinagao da carga térmica dos motores de 
mbustao interna. (S000 palavras & fig.) 


621 .436 


In Polish (= 491 .85). 


zeglad Kolejowy Mechaniczny. (Varsovie.) 


1959 621 .33 = A91 .85 
zeglad Kolejowy Mechaniczny, mai, p. 133. 
“LEMKOWICZ (A.). — Pourquoi la traction élec- 
eque ? (1 500 mots.) 


1959 625 .244 (438) = 491 .85 
~zeglad Kolejowy Mechaniczny, mai, p. 149. 
BORUCKI (T.). — Les wagons-réfrigérants type 5 L. 
200 mots & fig.) 

1959 625 .282 = 491 .85 
‘zeglad Kolejowy Mechaniczny, juin, p. 164. 
KESICKI (Z.). — L’analyse des dommages causés 
1 route aux wagons. (2 000 mots.) 

1959 656 .22 = 491 .85 
rzeglad Kolejowy Mechaniczny, juin, p. 166. 
JAGIELLO (K.). — La sécurité du travail dans le 
‘ryice de la traction. (3 300 mots & tableaux.) 


1959 625 .214 = 491 .85 
tzeglad Kolejowy Mechaniczny, juin, p. 184. 
BALA (Z.). — Echange de lubrifiant dans les boites 
‘essieu a rouleaux des wagons. (1 200 mots.) 


1959 625 .282 (47) = 491 .85 
tzeglad Kolejowy Mechaniczny, juillet, p. 193. 

KRZEMIENIECKI (A.). — Les nouvelles locomotives 
ux Chemins de fer de 1’U.R.S.S. (2300 mots & fig.) 


1959 625 .216 (4) = 491 .85 
‘rzeglad Kolejowy Mechaniczny, juillet, p. 197. 

A.K. — La question de l’attelage automatique dans 
»3 chemins de fer européens. (2 400 mots.) 


1959 621.13 = 491 35 
rzeglad Kolejowy Mechaniczny, juillet, p. 204. 

NIELIWODZKI (J.). — Pour une meilleure utilisation 
es locomotives 4 vapeur. (2 100 mots, tableaux & fig.) 


1959 625 .285 (438) = 491 .85 
rzeglad Kolejowy Mechaniczny, juillet, p. 217. 

KRASNOPOLSKI (B.). — Les nouveaux autorails 
Jiesel aux P.K.P. (Chemins de fer d’Etat polonais). 
2200 mots & fig.) 


1959 385 457 — 491. 85 
rzeglad Kolejowy Mechaniczny, juillet, p. 221; 

BLASZCZYK (H.). — Education des travailleurs du 
ervice de la traction. (1 500 mots & tableaux.) 


37 — 


1959 621 .335 (438) = 491 .85 
Przeglad Kolejowy Mechaniczny, aoit, p. 225. 

ZIEMILSKI (A.). — Locomotives électriques des 
P.K.P. (3 S00 mots, tableaux & fig.) 


1959 621 .431 72 = 491 (85 
Przeglad Kolejowy Mechaniczny, aotit, p. 247. 

ZAWADA (M.). —  Périodicité des réparations des 
autorails Diesel. (1 900 mots, tableaux & fig.) 


1959 656 .22 = 491 .85 
Przeglad Kolejowy Mechaniczny, aotit, p. 252. 

KROGULSKI (T.). — Le probléme d’un temps de 
travail économique dans le matériel roulant. (900 mots.) 


1959 621 .436 = 491 .85 
Pizeglad Kolejowy Mechaniczny, septembre, p. 257. 

WOLFRAM (T.). — Influence de la nature de I’ali- 
mentation d’un moteur Diesel sur sa résistance. (2 800 
mots & fig.) 


1959 625 .234 (438) = 491 .85 
Przeglad Kolejowy Mechaniczny, septembre, p. 280. 

PIELACINSKI (M.). — Le chauffage électrique 
pour plusieurs tensions de service des voitures Type 7A 
aux P.K.P. (3000 mots & fig.) 


Przeglad Kolejowy Przewozowy. (Varsovie.) 


1959 621 .431 .72 = 491 .85 
Przeglad Kolejowy Przewozowy, mai, p. 121. 

JANKOWSKI (L.). — Les petites locomotives Diesel. 
(1 500 mots & tableaux.) 

1959 6560-22352) — 49 ao 
Przeglad Kolejowy Przewozowy, mai, p. 124. 

KRZEMINSKI (W.). — L’arrét moyen dans les 
gares et le coefficient de rotation des wagons. (1 200 
mots & tableaux.) 

1959 656 .212 = 491 .85 
Przeglad Kolejowy Przewozowy, mai, p. 127. 

GOLIK (M.). — La collaboration des gares avec les 
usines sidérurgiques. (1 100 mots & tableaux.) 


1959 656 .224 = 491 .85 
Przeglad Kolejowy Przewozowy, juin, p. 141. 

LASKOWSKI (Z.). — Les enfants — les colonies 
de yacances — le chemin de fer. (1 200 mots & fig.) 


1959 656 .234 (438) = 491 .85 
Przeglad Kolejowy Przewozowy, juin, p. 144. 

LOZINSKI (E.). — Le nouveau tarif-voyageurs des 
P.K.P. (1 000 mots.) 


1959 621 .33 (438) = 491 .85 
Przeglad Kolejowy Przewozowy, juin, p. 148. 

KARPINSKI (A.). — L’électrification du réseau des 
P.K.P. et ses perspectives. (1550 mots & fig.) 


1959 _ 656 .213 = 491 .85 
Przeglad Kolejowy Przewozowy, juin, p. 152. ; 

SOSNOWSKI (S.). — Le transport ferroviaire dans 
les ports. (1 000 mots & fig.) 


1959 656 2223) 22 — 49 aos 
Przeglad Kolejowy Przewozowy, juin, p. 160. 

KOPEC (M.). — L’arrét moyen du wagon en gare 
de triage. (1 800 mots & fig.) 


1959 656 .28 = 491 .85 
Przeglad Kolejowy Przewozowy, juin, p. 164. ; 

SMIGLA (R.). — L’analyse psycho-physiologique 
des accidents ferroviaires. (1 300 mots.) 


1959 656 = 491 .85 
Przeglad Kolejowy Przewozowy, juillet, p. 176. 

CZAYKA (M.). — Une nouvelle méthode pour pallier 
les irrégularités de transport. (1 400 mots & tableaux.) 


1959 656.227 = 491 i385 
Przeglad Kolejowy Przewozowy, juillet, p. 179. 

SWIDERSKI (F.). — Marquage des envois de char- 
gement dangereux. (1 400 mots.) 


1959 656%.212)) 5 —49 I-85 
Przeglad Kolejowy Przewozowy, juillet, p. 181. 

SZKOP et CIESZYNSKI. — Défauts des gares de 
triage. (1 600 mots.) 


In Russian (= 491 .7). 


Jéléznodoroznyi Transporte. (Moscou.) 


1959 656,22. = 498 7 
Jéléznodoroznyi Transporte, aoit, 105, ov 

Pour un nouyeau progrés technique aux chemins de fer. 
(3 100 mots.) 

1959 656 .2 (47) = 491 .7 
Jéléznodoroznyi Transporte, aoit, Dy Li: 

Le transport ferroyiaire en U.R.S.S. pendant le pre- 
mier semestre de 1959. (1 600 mots.) 


1959 
Jéléznodoroznyi Transporte, aoit, De Lan 
BOTAVINE (P.R.). — Les voies de la mécanisation 
et de Vautomatisation du trayail de manceuvres dans 
les gares. (1 800 mots.) 


656 = 491 .7 


1959 625 .28 = 491 .7 
Jéléznodoroznyi Transporte, aodt, p. 25, 
BYELENKI (N.P.). — Les problémes économiques 


de la localisation de la traction électrique et de la trac- 
tion Diesel. (2 800 mots, tableaux & fig.) 


1959 621 (331 = 4917 
Jéléznodoroznyi Transporte, aout, p. 31. 

ABATKOV (A.) et BYELOKRYLINE (YE 
Emploi de redresseurs semi-conducteurs dans les sous- 
stations de traction. (2600 mots & fig.) 


38 — 


1959 621 3 =—45F 
Jéléznodoroznyi Transporte, aott, p. 34. 
TARTARINOV (B.P.) et ARKHANGUELSI 


(A.A.). — La possibilité de l’application des isotoy 
radioactifs dans le transport ferroviaire. (3000 m 
& fig.) 


1959 385 .14 = 491 
Jéléznodoroznyi Transporte, aout, p. 42. 

GOLOVTCHENKO (G.I.). — Les moyens pr 
cipaux d’un travail vraiment économique. (2 200 mot 


1959 621 733 =a 
Jéléznodoroznyi Transporte, aout, p. 47. 

WASSYLYEV  (G:S.), LEPNYEV  (GVLI9 
TIKHONOY (K.K.). — L’organisation du trafic 4d 


trains pendant l’électrification de la ligne. (1 700 m« 
& fig.) 


1959 656 .222 = 491 
Jéléznodoroznyi Transporte, aotit, p. 51. 
PIWENSTEIN (D.I.). — L’*horaire graphique d 


trains et lutilisation rationnelle du débit de la lig 
pendant la réparation des yoies. (3200 mots & fis 


1959 656 212 5; = 495 
Jéléznodoroznyi Transporte, aoit, Dp. 3a. 

ORLOV (A.P.), NIKOLAIEV (LS.) et KARYOLI 
KINE (S.E.). — Un automate électronique calcula 
appliqué dans les installations de triage par gravit 
(700 mots & fig.) 


1959 656 .225 = 4918 
Jéléznodoroznyi Transporte, aoit, p. 56. 
KACHTCHEYEV (N.T.). — Mécanisation de } 


vidange des produits pétroliers des citernes. (2 200 mo 
& fig.) 


1959 625.26 = 4918 
Jéléznodoroznyi Transporte, aoit, Bo 70, 
ALYEV (M.A.). — Amiélioration des conditions 4 


travail et augmentation de la production dans Vusine 
(1 400 mots & fig.) 


1959 656 .2 (498) = 491 . 
Jéléznodoroznyi Transporte, aout, p. 80. 

SIMULESCU (D.). — Les perspectives du dévelog 
pement du transport ferroyiaire dans la Républiqu 
populaire de Roumanie. (2900 mots & fig.) 


1959 656 .2 (06 = 491 . 
Jéléznodoroznyi Transporte, aout, p. 87. 
LIKHATCHEV (W.G.) et STYEPANOV (L.A.). = 


La IV® Session de la Conférence des Ministres OSShD 
(2 400 mots.) 


1959 656 .2 (4) = 491 | 
Jéléznodoroznyi Transporte, aodat, p. 90. 
LE VERT (P.). — L’euvre du Comité des Transport 


Intérieurs de la Commission Economique pour l'Europe 
(4 300 mots.) 


a a 


11959 656 .2 (4) = 491 .7 1960 625 .143 = 439 .71 
éznodoroznyi Transporte, aoiat, p. 93. Jarnvags-Teknik, n° 8, p. 198. 
“SENTYOULEWA (A.A.). — La collaboration dans STORM (G.). — Quelques observations sur les 

domaine des problémes de transport sur une base | contraintes des rails et des éclisses lors des travaux de 
iropéenne. (1 600 mots.) la yoie. (2000 mots & fig.) 


In Swedish (= 439.71). In Czech. (= 91 .886). 


Jarnvags-Teknik. (Stockholm.) Inzenyrské Stavby. (Prague.) 


1960 625 .233 (485) = 439 .71 1960 624 = 91 .886 

rnvags-Teknik, n° 8, p. 191. InzZenyrské Stavby, n° 12, p. 457. 

RIDAL (F.). — Le développement de Téclairage FRYBA (L.). — Caractéristiques dynamiques des 
ponts métalliques de chemins de fer. (4 000 mots, tableau 


=ctrique des trains aux Chemins de fer de lEtat 
wédois. (4000 mots & fig.) & fig.) 


Se 


M. Weissenbruch & Co., Ltd., Printer to the King, 49, rue du Poingon, Bruxelles. 


: aaa a 
i 7 


7 
v5 3 


<u? (rt ae anew ql 


: | on khs 2 Cera 
7 ~~ 7” La) 
—- Ade CE ae ey oe 


_— i 
7 ; +o I? -aa eae 
“m4 


| =! 
ae ee 7 
P —: — Ava ; 
~~ = Pome . 
*/ ' a yy ————s. 


Electric multiple-unit trains of the type shown 
here — in all, 90 motor coaches and 120 
trailer coaches — have been put into service 


Australian Sst bu rban on Meibourne’s suburban lines by Victorian 


Government Railways. During peak hours 

trains with SKF roller F there are seven coaches in each train — three 
A motor and four trailer. In off-peak hours, 

is ie however, four-coach train sets are used, com- 
bearing axleboxes & prising two motor coaches and two trailer 
Z coaches. The maximum speed is approxi- 


marely 75 m.p.h. and all axles are fitted 


with GIF roller bearing axicboxes. 
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M. WEISSS NBRUCH & Co. Ltda. , Printer to the King 
BEES RAL Grins (Manag. Dir.: P, de Weissenbruch, 238, _chaus, de Vleurgat, XL) 
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